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pulse  oximeter  using  all  of  the  motion  and  low  pulse  tricks  I  know. 
This  technology  is  most  impressive  and  should  be  valuable  in  all 
oximeters."  Masimo  licenses  it's  signal  extraction  technology  to  over 
twenty  patient  monitoring  companies  worldwide.  These  partners 
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allowing  you  to  give  your  patients  the  care  they  deserve. 
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lagnetic  Resonance  Imaging  (MRI) 
represents  an  important  advance  in  non-invasive 
medical  imaging  using  large,  powerful  magnets, 
radio  waves,  and  computers  to  produce  these 
images.  Because  patients  are  positioned  within  a 
magnetic  field,  any  equipment  used  during  the 
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be  manually  bagged  or  need  an  MRI  compatible 
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connection.  The  device  was  set  at  an  approximate 
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cm-HaO,  a  liter  flow  of  40  LPM,  and  an  I.E  ratio  of 
1 :2.  The  magnet  did  not  create  any  movement  of 
the  RespirTech  PRO,  and  the  device  functioned 
properly.  There  was  a  slight  image  artifact  of  no 
more  significance  than  that  which  would  be  caused 
by  a  spinal  pin  or  dental  filling.  By  positioning  the 
device  away  from  the  target,  a  complete  image 
was  obtained.  A  Quality  Control  test  completed  on 
the  RT-PRO  in  the  MRI  unit  during  the  test  proce- 
dure was  within  normal  limits. 

A  second  case  study  was  conducted  in  a 
General  Electric  1 .5  MRI  unit  on  an  80  kg,  47  year 
old  male.  The  RespirTech  PRO  was  set  in  a 
control  mode  of  12  BPM  with  a  ventilating  pressure 
of  30  cm-HaO  and  a  liter  flow  of  40  LPM.  The 
approximate  l:E  ratio  was  1 :2  with  exhaled  volumes 
of  650  to  700  mL.  The  device  functioned  well  with 
minimal  image  artifact.  The  patient  was  able  to 
trigger  the  device  during  spontaneous  breathing 
without  incident. 

The  RespirTech  PRO  is  an  MRI  compatible 
transport  ventilator  and  represents  a  major  ad- 
vance in  the  area  of  ventilator  support.  At  a  cost  of 
less  than  $50  per  device,  it  is  an  inexpensive  and 
effective  means  of  providing  ventilator  support  for 
patients  in  the  MRI  unit. 
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Abstracts 


Summaries  of  Pertinent  Articles  in  Other  Journals 


Editorials,  Commentaries,  and  Reviews  To  Note 

Treating  Patients  witii  Severe  Sepsis  (review) — Wheeler  AP,  Bernard  GR.  N  Engl  J  Med 

1999;340(3):207-214. 

Treatment  of  Asthma  witli  Drugs  Modifying  tlie  Leul(otriene  Pathway  (review) — Drazen  JM, 
Israel  E,  O'Byrne  PM.  N  Engl  J  Med  1999;340(3):  197-206. 

Video-Assisted  Thoracic  Surgery — Rao  A.  Bansal  A,  Rangraj  M,  Grant  GR,  Papamichael  MJ, 
Nepomuceno  A.  et  al.  Heart  Lung  1999;28(1):15-19. 

■  * 

Complementary/Alternative  Medicine  for  Asthma:  We  Do  Not  Know  what  We  Need  to 

Know— Ernst  E.  Chest  1999:1 15(l):l-3. 

Steroids  in  COPD:  The  Nearly  Eternal  Question— Anthonisen  NR.  Chest  1999:1 15(l):3-4. 

Antimicrobial  Therapy  of  Ventilator-Associated  Pneumonia:  How  to  Select  an  Appropriate 
Drug  Regimen— Kollef  MH.  Chest  1999;1 15(l):8-ll. 

Drug  Administration  by  Jet  Nebulization — Coates  AL,  Ho  SL.  Pediatr  Pulmonol  1998:26(6): 
412-423. 


Mycobacterial  Infection  in  Immunocompro- 
mised Patients — Washington  L,  Miller  WT  Jr. 
J  Thorac  Imaging  1998  :13(4):271. 

Mycobacterial  infection,  including  both  tuber- 
culosis and  nontuberculous  mycobacterial  in- 
fection, is  an  important  cause  of  morbidity  and 
mortality  in  immunocompromised  patients,  par- 
ticularly those  who  are  infected  with  the  human 
immunodeficiency  virus.  When  these  patients 
have  active  tuberculosis,  apical,  often  cavitary, 
opacities  characteristic  of  postprimary  tubercu- 
losis remain  among  the  more  common  radio- 
graphic presentations.  However,  unusual  radio- 
graphic manifestations  of  tuberculosis  are  more 
common  in  immuniKompromised  patients  than 
in  the  general  population.  Nontuberculous  my- 
cobacterial infection  in  immunocompromised 
patients  is  frequently  hematogenously  dissem- 
inated, and  the  appearance  on  chest  radiogra- 
phy is  varied.  Among  patients  infected  with  the 
human  immunodeficiency  virus,  unifocal  or 
multifocal  alveolar  infiltrates  and  mediastinal 
lymphadenopathy  are  the  most  common  mani- 
festations. 


Pulmonary  Infections  in  Immunocompro- 
mised Patients  Who  Do  Not  Have  Acquired 
Immunodeficiency  Syndrome:  A  Systematic 
Approach — Conces  DJ  Jr.  J  Thorac  Imaging 
1998:13(4):234. 


Immunocompromised  patients  are  susceptible 
to  infections  by  organisms  that  infect  individ- 
uals with  normal  immunity  and  by  organisms 
that  affect  only  those  with  abnormalities  in  their 
immune  system.  Using  the  radiographic  find- 
ings and  incorporating  clinical  information  al- 
lows for  the  creation  of  a  useful  list  differential 
diagnoses.  The  nature  of  the  immune  defect 
must  be  defined  because  defects  in  the  different 
parts  of  the  immune  system  are  associated  with 
infections  by  .specific  organisms.  The  time  in- 
terval since  transplantation  provides  a  diagnos- 
tic clue  because  infections  tend  to  occur  al  cer- 
tain time  intervals  after  transplantation.  An 
epidemiologic  history  provides  a  history  of  ex- 
posure to  organisms  that  may  produce  pneumo- 
nia. Consideration  of  the  therapy  the  patient  has 
received  provides  additional  clues  to  the  cause 
of  the  pneumonia.  The  physical  examination 
and  laboratory  studies  may  provide  an  indica- 
tion of  the  cause  of  the  infection.  Organisms 
tend  to  produce  infections  that  have  a  typical 
rate  of  clinical  development.  Classifying  the  pre- 
sentation as  acute,  subacute,  or  chronic  pro- 
vides additional  etiologic  clues.  Correlating  the 
clinical  information  with  the  radiographic  find- 
ings generates  a  list  of  the  most  likely  cau.sative 
organisms.  The  list  is  useful  in  deciding  on  ad- 
ditional diagnostic  tests  and  guiding  therapy. 

Effects  of  Sputum  Oscillations  and  rhDNase 
in  Vitro:  A  Combined  Approach  To  Treat 


Cystic  Fibrosis  Lung  Disease — Dasgupta  B. 
Brown  NE.  King  M.  Pediatr  Pulmonol  1998: 
26(4):  250. 

Mucolytic  treatment  with  rhDNase  is  part  of 
the  current  therapy  for  cystic  fibrosis  (CF)  lung 
disea.se.  The  Flutter  valve,  a  device  for  enhanc- 
ing airway  mucus  clearance,  has  recently  been 
approved  for  u,se  in  CF  patients.  Exhalation 
through  the  Flutter  valve  leads  to  oscillations  of 
expiratory  airflow,  improving  mucus  viscoelas- 
ticity  and  stimulating  clearance.  The  goal  of 
our  in  vitro  study  was  to  evaluate  the  individual 
and  combined  effects  of  Flutter  valve  oscilla- 
tions and  rhDNase  treatment  on  the  viscoelastic 
(theological)  properties  of  CF  sputum.  Sputum 
specimens  were  collected  from  19  CF  patients 
and  subjected  to  the  following  protocols:  1 )  base- 
line sample  with  no  treatment  applied;  2)  ap- 
plication of  oscillations  generated  by  airflow 
through  the  Flutter  valve:  3)  incubation  at  37 
degrees  C  for  .30  min  with  10%  vol/wl  rhDNase 
(Pulmozyme)  to  achieve  a  final  concentration 
of  2. .5  microg/mL  (approximately  100  nM);  4) 
combination  of  Flutter  valve  oscillations  and 
10%  vol/wt  normal  saline  (0.9%  NaCl):  5)  com- 
bination of  Flutter  valve  oscillations  and  10% 
vol/wt  rhDNa.se  at  2.5  microg/mL  final  concen- 
tration. For  each  protocol,  the  mucus  rigidity 
index  (log  G*  at  I  rad/s)  was  measured  at  base- 
line and  at  30  min.  Values  are  presented  as 
mean±SEM.  The  cough  clearability  index 
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Abstracts 


(CCI)  was  computed  from  measurements  of  mu- 
cus viscoelasticity,  based  on  relationships  es- 
tablished in  model  studies.  Flutter  valve  treat- 
ment alone  did  not  result  in  a  significant 
reduction  in  the  rigidity  of  CF  sputum 
(2.24±0.13  vs.  2.ll±0.13,  p=0.19),  nor  did 
rhDNase  (2.5  microg/mL)  alone,  although  we 
have  previously  shown  (Pediatr.  Pulmonol. 
1995;  20:78)  that  both  of  these  treatments  re- 
duce sputum  spinnability,  which  is  more  sensi- 
tive to  molecular  weight  reduction.  In  compar- 
ison to  individual  treatments,  combined 
treatment  with  Flutter  valve  oscillations  and 
rhDNase  significantly  reduced  the  mucus  rigid- 
ity to  l.85±0.19  from  2.24±0.13  (p<  0.001), 
consequently  increasing  the  predicted  clearabil- 
ityofthe.sputum(froml.09±0.26tol.83±0.48, 
p=O.OI2).  These  in  vitro  results  suggest  that  a 
combination  of  biochemical  treatment  (e.g., 
DNa.se)  and  mechanical  oscillation  may  have  a 
better  therapeutic  potential  for  mucus  clearance 
in  CF  lung  disease. 

Recurrent  Cough:  Natural  History  and  Sig- 
nificance in  Infancy  and  Early  Cliildhood — 

Brooke  AM,  Lambert  PC,  Burton  PR,  Clarke 
C,  Luyt  DK,  Simpson  H.  Pediatr  Pulmonol  1 998; 
26(4):256. 

We  investigated  the  outcome  for  a  sample  of 
children  in  whom  recurrent  cough  was  reported 
in  the  preschool  years  to  determine  I )  whether 
they  shared  the  characteristics  attributed  to 
cough  variant  asthma,  and  2)  the  proportion 
who  developed  classical  wheezy  asthma  at  fol- 
low-up during  the  early  school  years.  A  cohort 
of  children  identified  as  having  recurrent  cough 
in  the  preschool  period  was  reassessed  during 
the  early  school  years.  Previously  identified 
asymptomatic  preschool  children  who  remained 
symptom-free  provided  a  comparison  group 
with  respect  to  current  respiratory  symptoms, 
lung  function,  bronchial  reactivity  to  inhaled 
methacholine,  atopic  status,  peak  flow  variabil- 
ity, and  recorded  night  cough.  The  response 
rate  was  modest,  with  41%  attending  the  fol- 
low-up study;  information  on  current  symptoms 
was  available  from  a  further  16%.  Ascertain- 
ment of  current  symptoms  showed  that  70  of 
125  (56.0%  (95%  CI  47.3-64.5%])  were  symp- 
tom-free at  follow-up,  46  (36.8%  [28.7-45.5%]) 
continued  to  have  recurrent  cough  in  the  ab- 
sence of  colds,  and  9  (7.2%  [3.6-12.8%])  re- 
ported recent  attacks  of  wheeze.  When  compar- 
ing the  46  children  whose  recurrent  cough 
persisted  from  the  preschool  period  through  to 
follow-up  with  subjects  from  the  asymptomatic 
comparison  group,  the  former  had  significantly 
more  night  cough  (50.0%  vs.  16.8%;  P<  0.01), 
were  more  likely  to  be  treated  (10.9%  vs.  1 .7%; 
P=O.OI),  or  were  diagnosed  (26.1%  vs.  5.7%; 
p  <  0.001)  as  asthmatic.  They  also  showed 
greater  bronchial  reactivity  than  their  asymp- 
tomatic counterparts  (1.23  mg/mL  vs.  3.35  mg/ 
mL;  p=0.002).  Atopic  status  and  other  indices 


of  lung  function  were  similar  between  groups. 
We  conclude  that  there  are  a  group  of  children 
with  long-term  recurrent  cough  who  display  fea- 
tures consistent  with  a  diagnosis  of  cough  vari- 
ant asthma,  but  at  2-4  years  of  follow-up,  few 
progress  to  develop  asthma  characterized  by 
wheeze. 

Comparison  of  Lung  Volume  Measurements 
by  Antero-Posterior  Chest  X-Ray  Aand  the 
SF6  Washout  Technique  in  Mechanically 
Ventilated  Infants — Thome  U,  Topfer  A, 
Schaller  P,  Pohlandt  F.  Pediatr  Pulmonol  1998; 
26(4):265. 

While  anterior/posterior  chest  x-rays  (CXR)  are 
routinely  performed  to  estimate  lung  volume 
(LV)  and  adjust  ventilator  settings,  the  precise 
measurement  of  LV  requires  additional  sophis- 
tication. In  3 1  infants  ventilated  because  of  sur- 
factant deficiency  (n  =  23),  bronchopulmonary 
dysplasia  (n=7),  or  pulmonary  hypoplasia 
(n=  1)  with  either  intermittent  positive  pres.sure 
(n=18)  or  high  frequency  oscillation  (n=13) 
(gestational  age  23-39  weeks  (median  26 
weeks);  birthweight  550-2780  g  (median 
840  g);  age  at  measurement  1-91  days  (median 
6  days);  weight  at  .study  time  (WST)  675-3000 
g  (median  938  g)),  we  investigated  whether  LV, 
as  measured  by  the  sulfur  hexafluoride  (SF6) 
washout  technique,  could  by  estimated  from 
CXR  by:  I )  the  sum  (A  +  B)  of  the  right  (A)  and 
left  (B)  lung  fields  areas;  2)  the  product  (LxW) 
of  the  distances  from  the  right  apex  to  the  right 
costophrenic  angle  (L)  and  between  both  costo- 
phrenic  angles  (W);  3)  the  diaphragm  position 
relative  to  the  posterior  parts  of  the  ribs  (DP); 
and  4)  the  lung  radiolucency  (RL,  grades  0-4). 
Correlations  between  A-l-B  (r=0.44)  or  LxW 
(r=0.37)  and  LV  were  poor,  but  improved  when 
A-l-B,  LxW,  and  LV  were  normalized  to  WST: 
(A-I-B)AVST  vs.  LVAVST  (r=0.74),  and  LxW/ 
WST  vs.  LVAVST  (r=0.67).  DP  (r=0.13)  and 
RL  (Spearman's  rho=0. 17)  did  not  correlate 
with  LVAVST.  A  multiple  linear  regression  anal- 
ysis led  to  the  following  be.st-fit  equation:  LV/ 
WST=2.58  (A  +  B)fWST  -  5.47  DP  +  42.2 
(r=0.83).  We  concluded  that  an  estimate  of  LV 
from  CXR  lacked  sufficient  accuracy.  DP  and 
RL  did  not  correlate  with  LV  measured  by  SF6 
washout. 

Congenital  Central  Hypoventilation  Syn- 
drome: An  Update — Gozal  D.  Pediatr  Pulmo- 
nol 1998;26(4):273. 

Awareness  of  the  existence  of  CCHS  has  led  to 
increasingly  frequent  reports  of  such  patients 
from  all  over  the  world.  However,  the  exact 
pathophysiologic  mechanisms  underlying  the 
clinical  manifestations  of  this  congenital  dis- 
ease entity  remain  unknown.  For  the  respira- 
tory physiologist,  CCHS  can  be  viewed  as  an 
experiment  of  nature  that  provides  an  important 
and  unique  window  into  central  cardiorespira- 


tory regulation.  For  the  pediatrician,  CCHS  chil- 
dren represent  an  unique  clinical  challenge  in 
coordinating  the  diagnostic  and  therapeutic  pro- 
cedures required  to  enhance  the  patients'  qual- 
ity of  life. 

Liquid  Ventilation  in  an  Infant  with  Pulmo- 
nary Alveolar  Proteinosis — Tsai  WC,  Lewis 
D,  Nasr  SZ,  HirschI  RB.  Pediatr  Pulmonol  1998; 

26(4):283. 

Partial  liquid  ventilation  (PLV)  has  been  ap- 
plied in  various  pulmonary  diseases.  We  de- 
scribe the  use  of  partial  liquid  ventilation  as  a 
lavage  method  following  normal  saline  (NS) 
lavage  in  an  infant  with  pulmonary  alveolar  pro- 
teinosis (PAP)  and  severe  hypoxemia.  A  6  weeks 
old  3.4  kg  former  36  weeks  gestation  boy  on 
supplemental  oxygen  was  transferred  to  our 
NICU  with  persistent  tachypnea,  dry  cough,  and 
increasing  oxygen  requirements.  A  lingular  open 
lung  biopsy  revealed  PAP.  He  developed  pro- 
gressive respiratory  failure  requiring  ventilatory 
support,  necessitating  conventional  NS  lavage, 
followed  by  lung  lavage  with  perflubron 
(LiquiVent;  Alliance  Pharmaceutical  Corp.  and 
Hoechst  Marion  Roussel)  while  on  venovenous 
extracorporeal  life  support  (ECLS).  Lung  la- 
vage with  NS  and  perflubron  yielded  minimal 
cloudy  effluent.  Gas  exchange  and  pulmonary 
function  deteriorated  following  NS  lavage  and 
attempts  to  discontinue  ECLS  were  poorly  tol- 
erated. In  contrast,  tidal  volume.  P.,()2>  "ind  P"'" 
monary  compliance  increa.sed  after  PLV,  while 
the  (A-a)  D(02)  decreased  to  a  point  where 
ECLS  was  no  longer  required.  Once  perflubron 
was  added  repeatedly  to  the  ventilator  circuit  to 
correct  for  evaporation  over  the  4  days  of  PLV. 
Cardiovascular  status  remained  stable  for  sev- 
eral days;  however,  eventually  he  required  reini- 
tiation of  ECLS  and  more  mechanical  ventila- 
tory support  with  each  trial  off  ECLS.  He  was 
maintained  on  high  pressures  and  F|„2  without 
any  possibility  to  wean  him  from  mechanical 
ventilation.  Life  support  was  withdrawn  1  month 
after  admission.  The  survival  from  PAP  in  in- 
fants remains  dismal,  even  with  total  lung  NS 
lavage.  While  both  NS  and  perflubron  lavage  in 
this  patient  were  not  effective  in  removing  the 
proteinaceous  alveolar  debris,  PLV  following 
NS  lavage  was  associated  with  an  improvement 
in  gas  exchange  and  lung  compliance. 

Early  Versus  Late  Surfactant  Treatment  in 
Preterm  Infants  of  27  to  32  Weeks'  Gesta- 
tional Age:  A  Muiticenter  Controlled  Clini- 
cal Trial — Gortner  L,  Wauer  RR,  Hammer  H, 
Stock  GJ,  Heitmann  F.  Reiter  HL,  et  al.  Pedi- 
atrics 1998;102(5):II53. 

Objective.  To  investigate  whether  early  (<1 
hour  after  birth)  surfactant  administration  would 
be  superior  to  late  treatment  (2-6  hours  after 
birth)  in  preterm  infants.  Study  Design.  Ran- 
domized controlled  muiticenter  clinical  trial.  Pa- 
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tients  and  Methods.  Prenatal  randomization  of 
all  infants  of  27  to  32  weeks'  gestational  age 
stratified  by  center  after  parental  informed  con- 
sent. Early  treatment:  100  mg/kg  body  weight 
bovine  surfactant  (SF-Rll,  Alveofact;  Dr  K. 
Thomae,  Biberach,  Germany)  to  infants  requir- 
ing intubation  after  birth.  Late  treatment:  iden- 
tical dosage  to  infants  requiring  intubation  up 
to  6  hours  of  age  with  the  fraction  of  inspired 
oxygen  >0.4  at  2  to  6  hours  after  birth.  Primary 
endpoint:  the  time  on  mechanical  ventilation. 
Main  secondary  endpoints:  mortality,  broncho- 
pulmonary dysplasia,  intraventricular  hemor- 
rhage s  grade  III,  and  periventricular  leukoma- 
lacia.  Sample  size  calculation:  at  least  280 
infants  to  prove  superiority  of  either  approach 
(alpha  =  0.05;  beta  =  0.90).  Results.  Enroll- 
ment of  317  infants,  154  randomized  to  early 
surfactant  treatment,  1 63  to  late  surfactant  treat- 
ment. Study  infants  (all  following  data  intent- 
to-treat  groups:  early  versus  late  surfactant)  were 
similar  with  respect  to:  gestational  age,  29.5  ± 
1 .6  weeks  versus  29.7  ±  1 .6  weeks;  birth  weight, 
1227  ±  367  g  versus  1269  ±  334  g;  and  the 
rate  of  prenatal  corticosteroids,  79.9%  versus 
72.8%.  Duration  of  mechanical  ventilation:  3 
days  (0-8)  versus  2  days  (0-6)  (median,  in- 
terquartile); further  outcome  variables:  death  or 
bronchopulmonary  dysplasia  (day  28)  25.9% 
versus  23.9%,  mortality  3.2%  versus  1 .8%,  in- 
traventricular hemorrhage  £  grade  1116.5%  ver- 
sus 3.7%,  and  periventricular  leukomalacia 


5.2%  versus  5.5%  not  differing  statistically. 
Conclusion.  In  preterm  infants  with  a  high  rate 
of  prenatal  glucocorticoids,  early  surfactant  ad- 
ministration was  not  found  to  be  superior  to  late 
treatment  in  terms  of  relevant  outcome  vari- 
ables. 


Sleep  and  Daytime  Behavior  in  Children  with 
Obstructive  Sleep  Apnea  and  Behavioral 
Sleep  Disorders — Owens  J,  Opipari  L,  Nobile 
C,  Spirito  A.  Pediatrics  1998;102(5):1 178. 

Objective.  The  purpose  of  this  study  was:  1)  to 
examine  both  bedtime  sleep  behaviors  and  day- 
time behaviors  associated  with  daytime  sleepi- 
ness in  a  group  of  children  with  a  primary  med- 
ical sleep  disorder  (obstructive  sleep  apnea 
syndrome  [OSAS])  compared  with  a  group  of 
children  with  a  primary  behavioral  sleep  disor- 
der (BSD)  (limit  setting  sleep  disorder  or  sleep 
onset  association  disorder);  and  2)  to  investi- 
gate the  impact  of  a  comorbid  BSD  on  sleep 
and  daytime  behavioral  consequences  of  OSAS. 
Methods.  Children  referred  to  a  pediatric  sleep 
di.sorders  clinic  during  a  3-year  period  with  a 
primary  diagnosis  of  either  polysomnographi- 
cally-confirmed  OSAS  (n  =  100)  or  a  BSD 
(n  =  52)  were  compared  on  several  parent  re- 
port measures  assessing  the  following  domains: 
symptoms  of  sleep  disordered  breathing,  other 
sleep  behaviors  (primarily  parasomnias),  bed- 
time behaviors,  and  externalizing  daytime  be- 


havior problems.  The  OSAS  sample  was  then 
divided  into  a  pure  OSAS  group  (n  =  78)  and 
an  OSAS  plus  a  behavioral  sleep  diagnosis  group 
(n  =  22)  based  on  the  presence  or  absence  of 
delayed  sleep  onset  and/or  prolonged  nightwak- 
ings  and  compared  on  the  parent-report  symp- 
tom domains.  Results.  Almost  one-quarter  of 
the  OSAS  group  had  clinically  significant  be- 
havioral sleep  problems,  primarily  bedtime  re- 
sistance, in  addition  to  OSAS.  Bedtime  resis- 
tance was  associated  with  a  significantly 
shortened  sleep  duration  in  both  the  BSD  and 
OSAS-BSD  groups.  Although  the  OSAS-BSD 
group  had  less  .severe  disease,  as  defined  by 
polysomnographic  variables,  than  the  pure 
OSAS  group,  they  were  rated  by  their  parents 
as  having  more  daytime  externalizing  behavior 
problems  a.s.sociated  with  daytime  sleepiness. 
Conclusions.  The  results  of  this  study  suggest 
that  evaluation  for  comorbid  BSD  should  be 
done  in  all  children  presenting  with  symptoms 
of  OSAS.  The  coexistence  of  such  BSDs  may 
contribute  significantly  to  sleep  deprivation,  and 
thus  to  behavioral  manifestations  of  daytime 
sleepiness  in  these  children. 

Is  the  Asthma  Quality  of  Life  Questionnaire 
a  Useful  Measure  for  Low-Income  Asthmat- 
ics?—Leidy  NK,  Chan  KS,  Coughlin  C.  Am  J 
Respir  Crit  Care  Med  1998;  158(4):  1082. 

The  purpose  of  this  study  was  to  evaluate  the 
reliability  and  validity  of  the  Asthma  Quality  of 
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Abstracts 


Life  Questionnaire  (AQLQ)  in  a  population- 
based  sample  of  low-income  adults  with  asthma. 
A  total  of  1 1 2  subjects  (46  African  American. 
66  Caucasian;  mean  age  =  33  ±  9  yr;  26% 
male)  were  recruited  from  the  Baltimore  County, 
Maryland  and  Atlanta,  Georgia  metropolitan  ar- 
eas. Internal  consistency  reliability  (Cronbach's 
alpha)  was  high  for  the  overall  scale  (0.  96); 
2-wk  reproducibility  (intraclass  correlation, 
ICC)  was  0.82  (n  =  38).  Overall  score  was 
significantly  correlated  with  reV,  percentage 
of  predicted  (r  =  0.20),  and  the  Asthma  Dis- 
ease Severity  Scale  (r  =  -0.38).  Correlations 
between  overall  score  and  the  SF-36  Physical 
Component  Summary  (r  =  0.49),  SF-36  Mental 
Component  Summary  (r  =  0.37),  Cantril's  Lad- 
der (r  =  0.23).  and  the  Health  Utilities  Index 
(r  =  0.22)  supported  the  validity  of  the  AQLQ 
in  this  sample.  Comparison  of  reliability  and 
validity  estimates  across  racial  groups  found 
few  substantive  differences.  Internal  consis- 
tency, reproducibility,  and  validity  estimates 
found  in  this  sample  were  consistent  with  those 
of  a  reliable  and  valid  measure  and  were  com- 
parable to  those  found  in  other  populations. 
These  results  suggest  the  AQLQ  is  a  useful 
indicator  of  health-  related  quality  of  life  in 
low-income  asthmatics. 

Infant  and  Maternal  Outcomes  in  the  Preg- 
nancies of  Asthmatic  Women — Demissie  K, 
Breckenridge  MB,  Rhoads  GO.  Am  J  Respir 
Crit  Care  Med  1 998;  158(4):  1 091. 

We  examined  the  relationship  between  infant 
and  maternal  outcomes  and  asthma  complicat- 
ing pregnancy,  using  historical  cohort  analysis 
of  singleton  live  deliveries  in  New  Jersey  hos- 
pitals between  1989  and  1992  (n  =  447,963). 
Subject  mother-infant  dyads  were  identified 
from  linked  birth  certificate  and  maternal  and 
newborn  hospital  claims  data.  Women  with  an 
International  Classification  of  Diseases,  Ninth 
Revision,  Clinical  Modification  (ICD-9-CM)  di- 
agnosis code  (493)  for  asthma  (n  =  2,289)  were 
compared  with  a  fourfold  larger  randomly  se- 
lected control  sample  (n  =  9,156)  from  the  re- 
maining pool  of  women.  After  controlling  for 
the  effects  of  important  confounding  variables, 
maternal  asthma  was  associated  with  the  fol- 
lowing adverse  infant  outcomes:  preterm  infant 
(odds  ratio  [OR]  =  1 .36;  95%  confidence  in- 
terval [CI],  1.18  to  1.55),  low  birth  weight 
(OR  =  1.  32;  95%  CI,  1.10  to  1.58),  small-for- 
gestational  age  (OR  =  1.26;  95%  CI,  1.10  to 
1.45),  congenital  anomalies  (OR  =  1.37;  959c 
CI,  1.12  to  1.68),  and  increased  infant  hospital 
length  of  stay  (OR  =  1 .44;  95%-  CI.  1 .25  to 
1.65).  The  adverse  maternal  outcomes  associ- 
ated with  maternal  asthma  were:  pre-eclampsia 
(OR  =  2.18;  95%  CI,  1.68  to  2.  83).  placenta 
previa  (OR  =  1.71:  95%  CI,  1.05  to  2.79), 
cesarean  delivery  (OR  =  1 .62:  95%  CI,  1 ,46  to 
1 .80),  and  increased  maternal  hospital  length  of 
stay  (OR  =  1,86;  95%  CI,  1.60  to  2.15).  The 


results  emphasize  the  need  for  maternal  asthma 
to  be  added  to  the  list  of  conditions  that  in- 
crease the  risk  of  adverse  pregnancy  outcomes. 

Prediction  of  Clinical  Severity  and  Outcome 
of  Ventilator-Associated  Pneumonia:  Com- 
parison of  Simplified  Acute  Physiology  Score 
with  Systemic  Inflammatory  Mediators — 

Froon  AHM.  Bonten  MJM,  Gaillard  CA,  Greve 
JWM,  Dentener  MA,  de  LEEUW  PW.  Am  J 
Respir  Crit  Care  Med  I998;158(4):I026. 

Systemic  kinetics  of  three  inflammatory  medi- 
ators (bactericidal/permeability-increasing  pro- 
tein [BPI],  soluble  intercellular  adhesion  mol- 
ecule [sICAM],  and  soluble  E-selectin  [sE- 
selectin])  were  studied  during  the  development 
of  ventilator-associated  pneumonia  (VAP)  (n  = 
42),  diagnosed  on  quantitative  cultures  of  bron- 
choscopic  samples.  From  a  pool  of  collected 
samples,  nested  samples  were  used  to  measure 
mediators  on  Days  -4,  -2,  0,  and  +2.  relative  to 
diagnosis.  Correlations  between  systemic  lev- 
els of  mediators  and  clinical  .severity  of  infec- 
tion (VAP  with  or  without  severe  sepsis  or  sep- 
tic shock)  and  patient  outcome  (mortality  at  Day 

10  after  diagnosis)  were  studied.  Predictive  val- 
ues of  inflammatory  mediators  were  compared 
with  daily  Simplified  Acute  Physiology  Score 

11  (SAPS  II)  values  and  the  logarithmic  number 
of  bacteria  in  bronchoscopic  samples.  During 
the  development  of  VAP.  increasing  SAPS  II 
scores  and  rising  systemic  mediator  levels  were 
only  found  in  patients  in  whom  VAP  was  ac- 
companied with  severe  sepsis  or  septic  shock. 
Values  of  SAPS  II  and  plasma  levels  of  BPI 
and  sE-selectin,  but  not  sICAM,  increased  from 
the  day  of  diagnosis  on  in  patients  who  died 
within  10  d  of  diagnosis.  Systemic  levels  of 
inflammatory  mediators  did  not  better  predict 
clinical  severity  or  patient  outcome  than  daily 
SAPS  II  scores.  The  logarithmic  number  of  bac- 
teria in  bronchoscopic  samples  poorly  corre- 
lated with  circulating  levels  of  inflammatory 
mediators,  severity  of  infection,  and  patient  out- 
come. Our  findings  show  that  a  clinical  scoring 
system  (SAPS  II  score)  is  at  least  as  good  as  a 
predictor  for  the  clinical  severity  of  infection 
and  patient  outcome,  and  provide  new  informa- 
tion on  the  kinetics  of  inflammatory  mediators 
during  the  development  of  VAP. 

Randomized  Controlled  Trial  of  Physician- 
Directed  versus  Respiratory  Therapy  Con- 
sult Service-Directed  Respiratory  Care  to 
Adult  Non-ICU  Inpatients— Stoller  JK.  Mas- 
cha  EJ.  Kester  L.  Haney  D.  Am  J  Respir  Crit 
Care  Med  1998;  158(4):  1068. 

Although  current  evidence  suggests  that  respi- 
ratory care  protocols  can  enhance  allocation  of 
respiratory  care  services  while  conserving  costs, 
a  randomized  trial  is  needed  to  address  short- 
comings of  available  studies.  We  therefore  con- 
ducted a  randomized  controlled  trial  comparing 


respiratory  care  for  adult  non-ICU  inpatients 
directed  by  a  Respiratory  Therapy  Consult  Ser- 
vice (RTCS)  versus  respiratory  care  by  manag- 
ing physicians.  Eligible  subjects  were  adult  non- 
ICU  inpatients  whose  physicians  had  prescribed 
specific  respiratory  care  services.  Consecutive 
eligible  patients  were  approached  for  consent, 
after  which  a  blocked  randomization  strategy 
was  used  to  assign  patients  to  (1)  Physician- 
directed  respiratory  care,  in  which  the  prescribed 
physician  respiratory  care  orders  were  main- 
tained (n  =  74).  or  (2)  RTCS-directed  respira- 
tory care,  in  which  the  physician's  respiratory 
care  orders  were  preempted  by  a  respiratory 
care  plan  generated  by  the  RTCS  (n  =  71). 
Specifically,  these  patients  were  evaluated  by 
an  RTCS  therapist  evaluator  whose  respiratory 
care  plan  was  based  on  sign/symptom-based  al- 
gorithms drafted  to  comply  with  the  American 
Association  for  Respiratory  Care  ( AARC)  Clin- 
ical Practice  Guidelines.  Appropriateness  of  re- 
spiratory care  orders  was  asses.sed  as  agreement 
between  the  prescribed  respiratory  care  plan  and 
an  algorithm-based  "standard  care  plan"  gener- 
ated by  an  expert  therapist  who  was  blind  to  the 
patient's  actual  orders.  The  compared  groups 
were  similar  at  baseline  regarding  demographic 
features,  admission  diagnostic  category,  smok- 
ing status,  and  Triage  Score  (mean.  3.8  ±  0.9 
SD  [RTCS]  versus  3.7  ±  1.0).  Similariy.  no 
differences  were  observed  between  RTCS-di- 
rected and  physician-directed  respiratory  care 
regarding  hospital  mortality  rate  (5.7  versus 
5.6%),  hospital  length  of  stay  (7.9  ±  9.0  versus 
7.7  ±  7.3  d),  total  number  of  respiratory  care 
treatments  delivered  (30.3  ±  30  versus  3 1 .6  ± 
30.5),  or  days  requiring  respiratory  care  (4.2  ± 
5.2  versus  4.1  ±  3.6).  Notably,  using  both  a 
stringent  (S)  and  a  liberal  (L)  criterion  for  agree- 
ment. RTCS-directed  respiratory  care  demon- 
strated better  agreement  with  the  "standard  care 
plan"  (82  ±  17%  [S]  and  86  ±  16%  [L])  than 
did  physician-directed  respiratory  care  (64  ± 
21%  [S]  and  72  ±  23%  [L])  (p  <  0.001).  Fi- 
nally, the  true  cost  of  respiratory  care  treat- 
ments was  slightly  lower  with  RTCS-directed 
respiratory  care  (mean.  $235.70  versus  $255.70/ 
pt,  p  =  0.61).  We  conclude  that  (1)  compared 
with  physician-directed  respiratory  care,  the 
RTCS  prescribed  a  similar  number  and  dura- 
tion of  respiratory  care  services  at  a  slight  sav- 
ings (that  did  not  achieve  statistical  significance) 
and  without  any  increased  adverse  events:  and 
(2)  compared  with  physician-directed  respira- 
tory care,  RTCS-directed  respiratory  care 
showed  greater  agreement  with  Clinical  Prac- 
tice Guideline-based  algorithms. 


Early  Predictive  Factors  of  Survival  in  the 
Acute  Respiratory  Distress  Syndrome:  A 
Multivariate  Analysis — Monchi  M.  Bellenfant 
F,  Cariou  A,  Joly  LM,  Thebert  D.  Laurent  I.  et 
al.  Am  J  Respir  Crit  Care  Med  1998:158(41: 
1076. 
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To  identify  the  potential  impact  of  novel  ther- 
apeutic approaches,  we  studied  the  early  pre- 
dictive factors  of  survival  at  the  onset  of  acute 
respiratory  distress  syndrome  (ARDS)  in  a  24- 
bed  medical  ICU  of  an  academic  tertiary  care 
hospital.  Over  a  48-mo  period,  a  total  of  3,51 1 
adult  patients  were  admitted  and  259  mechan- 
ically ventilated  patients  met  ARDS  criteria,  as 
defined  by  American-European  consensus  con- 
ference, i.e.,  bilateral  pulmonary  infiltrates  and 
Pa02/Fio2  lower  than  200  without  left  atrial  hy- 
pertension. These  patients  were  randomly  in- 
cluded in  a  developmental  sample  ( 1 77  patients) 
and  a  validation  sample  (82  patients).  Demo- 
graphic variables,  hemodynamic  and  respira- 
tory parameters,  underlying  diseases,  as  well  as 
several  severity  scores  (SAPS,  SAPS-II,  OSF) 
and  Lung  Injury  Score  (LIS)  were  collected. 
These  variables  were  compared  between  survi- 
vors and  nonsurvivors  and  entered  into  a  step- 
wise logistic  regression  model  to  evaluate  their 
independent  prognostic  roles.  The  overall  mor- 
tality rate  was  65%.  SAPS-II,  the  severity  of 
the  underlying  medical  conditions,  the  oxygen- 
ation index  (mean  airway  pressure  x  F,o2  x  100/ 
Paoi)'  the  length  of  mechanical  ventilation  prior 
to  ARDS,  the  mechanism  of  lung  injury,  cir- 
rhosis, and  occurrence  of  right  ventricular  dys- 
function were  independently  associated  with  an 
elevated  risk  of  death.  Model  calibration  was 
very  good  in  the  developmental  and  validation 
samples  (p  =  0.84  and  p  =  0.72,  respectively), 
as  was  model  discrimination  (area  under  the 
ROC  curves  of  0.95  and  0.92,  respectively). 
Thus,  the  prognosis  of  ARDS  seems  to  be  re- 
lated to  the  triggering  risk  factor,  the  severity  of 
the  respiratory  illness,  and  the  occurrence  of  a 
right  ventricle  dysfunction,  after  adjustment  for 
a  general  severity  score. 

A  National  Survey  of  End-of-Life  Care  for 
Critically  III  Patients — Prendergast  TJ,  Claes- 
sens  MT,  Luce  JM.  Am  J  Respir  Crit  Care  Med 
I998;I58(4):1I63. 

In  some  intensive  care  units  (ICUs),  fewer  pa- 
tients who  die  now  undergo  attempts  at  cardio- 
pulmonary resuscitation  (CPR),  and  many  more 
have  life  support  actively  withdrawn  prior  to 
death  than  did  a  decade  ago.  To  determine  the 
frequency  of  withdrawal  of  life  support,  we  con- 
tacted every  American  postgraduate  training 
program  with  significant  clinical  exposure  to 
critical  care  medicine,  asking  them  prospec- 
tively to  classify  patients  who  died  into  one  of 
five  mutually  exclusive  categories.  We  received 
data  from  131  ICUs  at  110  institutions  in  38 
states.  There  were  6,303  deaths,  of  which  393 
patients  were  brain  dead.  Of  the  remaining  5,9 1 0 
patients  who  died,  1,544  (23%)  received  full 
ICU  care  including  failed  cardiopulmonary  re- 
suscitation (CPR);  1,4.30  (22%)  received  full 
ICU  care  without  CPR;  797  (10%)  had  life  sup- 
port withheld;  and  2,139  (38%)  had  life  support 
withdrawn.  There  was  wide  variation  in  prac- 


tice among  ICUs,  with  ranges  of  4  to  79%,  0  to 
83%,  0  to  67%,  and  0  to  79%  in  these  four 
categories,  respectively.  Variation  was  not  re- 
lated to  ICU  type,  hospital  type,  number  of  ad- 
missions, or  ICU  mortality.  We  conclude  that 
limitation  of  life  support  prior  to  death  is  the 
predominant  practice  in  American  ICUs  asso- 
ciated with  critical  care  training  programs.  There  _ 
is  wide  variation  in  end-of-life  care,  and  efforts 
are  needed  to  understand  practice  patterns  and 
to  establish  standards  of  care  for  patients  dying 
in  ICUs. 

Analysis  of  Clinical  Methods  Used  To  Eval- 
uate Dyspnea  in  Patients  with  Chronic  Ob- 
structive Pulmonary  Disease — Hajiro  T,  Nish- 
imura  K,  Tsukino  M,  Ikeda  A,  Koyama  H,  Izumi 
T.  Am  J  Respir  Crit  Care  Med  1998;  158(4): 
1185. 

When  dyspnea  must  be  assessed  clinically,  there 
are  three  methods  of  assessment:  the  measure- 
ment of  dyspnea  with  activities  of  daily  living 
using  clinical  dyspnea  ratings  such  as  the  mod- 
ified Medical  Research  Council  (MRC),  the 
Baseline  Dyspnea  Index  (BDI),  and  the  Oxy- 
gen Cost  Diagram  (OCD);  the  measurement  of 
dyspnea  during  exercise  using  the  Borg  scale; 
to  assess  the  influence  of  dyspnea  on  health- 
related  quality  of  life  (HRQoL)  using  disease- 
specific  questionnaires  such  as  the  St.  George's 
Respiratory  Questionnaire  (SGRQ)  and  the 
Chronic  Respiratory  Di.sease  Questionnaire 
(CRQ).  The  purpose  of  the  present  cross-sec- 
tional study  was  to  clarify  relationships  between 
dyspnea  ratings  and  HRQoL  questionnaires  by 
applying  factor  analysis.  One  hundred  sixty- 
one  patients  with  mild  to  severe  COPD  com- 
pleted pulmonary  function  tests,  progressive  cy- 
cle ergometer  testing  for  exercise  capacity, 
assessment  of  dyspnea,  HRQoL,  anxiety,  and 
depression.  Factor  analysis  demonstrated  that 
the  MRC,  BDI,  OCD,  and  Activity  of  the  SGRQ, 
and  Dyspnea  of  the  CRQ,  were  grouped  into 
the  same  factor,  and  the  frequency  distribution 
histograms  of  these  five  measures  showed  vir- 
tually the  same  distribution.  The  Borg  scale  at 
the  end  of  maximum  exercise  was  found  to  be 
a  different  factor.  The  MRC,  BDI,  OCD,  and 
Activity  in  the  SGRQ,  and  Dy.spnea  in  the  CRQ 
demonstrated  the  same  pattern  of  correlation 
with  physiologic  data,  and  they  had  significant 
relationships  with  FEV,  (correlation  coeffi- 
cients [Rs]  =  0.31  to  0.  48)  and  maximal  ox- 
ygen uptake  (Rs  =  0.46  to  0.60).  Disease-spe- 
cific HRQoL  questionnaires,  the  SGRQ  and  the 
CRQ,  which  contain  a  specific  dimension  for 
evaluating  dyspnea,  may  be  substituted  for  clin- 
ical dyspnea  ratings  in  a  cross-sectional  assess- 
ment. Dyspnea  rating  at  the  end  of  exercise 
may  provide  further  information  regarding 
dyspnea. 

Effect  of  Lung  Volume  Reduction  Surgery 
on  Gas  Exchange  and  Pulmonary  Hemody- 


namics at  Rest  and  during  Exercise — Oswald- 
Mammosser  M,  Kessler  R,  Massard  G,  Wihim 
JM,  Weitzenblum  E,  Lonsdorfer  J.  Am  J  Respir 
Crit  Care  Med  1998;158(4):1020. 

Lung  volume  reduction  surgery  (LVRS)  has  be- 
come an  extended  surgery  for  emphysema  in 
order  to  improve  the  dyspnea  of  severely  af- 
fected patients.  Because  resection  of  lung  areas 
may  reduce  the  vascular  bed,  which  is  an  im-. 
portant  factor  of  pulmonary  hypertension  in  em- 
physematous patients,  especially  during  exer- 
cise, the  aim  of  our  study  was  to  assess  the 
outcome  of  pulmonary  hemodynamics  and  gas 
exchange  at  rest  and  during  exercise  after  LVRS. 
Nine  patients  had  right  heart  catheterization  be- 
fore and  3  to  1 2  mo  (mean,  4.5  mo)  after  LVRS. 
FEV,  increased  from  705  to  1,005  mL  (p  < 
0.05)  after  LVRS.  Paoz'  f'aco2  ^fd  mean  pul- 
monary artery  pressure  (Ppa)  did  not  change 
after  LVRS,  either  at  rest  or  during  exercise. 
However,  a  significant  overall  decrease  of  the 
respiratory  swings  of  the  pulmonary  artery  di- 
astolic pressure  (DeltaPd)  at  rest  (median  value, 
from  12  to  8  mm  Hg,  p  <  0.01)  and  during 
exercise  (from  20  to  15  mm  Hg,  p  <  0.05)  was 
ob,served.  There  was  a  significant  correlation 
between  the  change  in  resting  Ppa  (Ppa  before 
minus  Ppa  after  LVRS)  and  the  change  in  rest- 
ing DeltaPd  (r  =  0.73,  p  <  0.03),  and  also 
between  the  change  in  exercising  Ppa  and  the 
change  in  resting  DeltaPd  (r  =  0.80,  p  <  0.02). 
Significant  correlations  were  also  found  between 
the  change  in  exercising  Ppa  and  the  change  in 
exercising  P;i02  (r  =  -0.70,  p  <  0.05),  and  be- 
tween the  change  in  exercising  Ppa  and  the 
change  in  exercising  P^coj  (r  ~  0.76,  p  <  0. 
03).  We  conclude  that  pulmonary  hemodynam- 
ics in  most  cases  are  not  impaired  by  LVRS 
either  at  rest  or  during  exercise.  The  possible 
mechanisms  influencing  hemodynamics  after  a 
lung  volume  reduction  procedure  are  discussed. 

A  New  Method  To  Analyze  Lung  Compli- 
ance when  Pressure- Volume  Relationship  Is 
Nonlinear — Nikischin  W,  Gerhardt  T,  Everett 
R,  Bancalari  E.  Am  J  Respir  Crit  Care  Med 
1998;  158(4):  1052. 

Changes  in  dynamic  lung  compliance  during 
inspiration  and  expiration  cannot  be  modeled 
accurately  with  conventional  algorithms.  We  de- 
veloped a  simple  method  to  analyze  pressure- 
volume  (PA')  relationships  under  condition  of 
nonlinearity  (APVNL)  and  tested  it  in  a  lung 
model  with  known  resistance  and  nonlinear  PA' 
relation.ship.  In  addition,  pulmonary  mechanics 
in  22  infants,  1 1  of  them  with  nonlinear  PA' 
relationships,  were  analyzed  with  the  new 
method.  The  findings  were  compared  with  those 
obtained  by  a  recently  introduced  algorithm, 
multiple  linear  regression  analysis  (MLR)  of 
the  equation  of  motion.  The  APVNL  method 
described  the  changing  compliance  (C)  of  the 
lung  model  accurately,  whereas  the  MLR 
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method  underestimated  C  especially  in  the  first 
half  of  the  breath.  In  infants  the  MLR  method 
gave  highly  variable,  often  nonphysiological  C 
values  in  the  beginning  of  a  breath.  In  contrast, 
the  coefficient  of  variability  of  measurements 
obtained  by  the  APVNL  method  was  signifi- 
cantly smaller  (p  <  0.02),  and  the  indices  of 
model-fit  showed  better  agreement  between  cal- 
culated and  observed  pressure  than  for  the  MLR 
method  (p  <  0.02).  We  conclude  that  the 
APVNL  method  accurately  describes  nonlinear 
PA'  relationships  present  during  spontaneous 
breathing  or  mechanical  ventilation.  The  method 
may  be  helpful  in  identifying  and  preventing 
pulmonary  overdistention. 

Randomised  Controlled  Trial  of  Self-Super- 
vised and  Directly  Observed  Treatment  of 
Tuberculosis — Zwarenstein  M,  Schoeman  JH, 
Vundule  C,  Lombard  CJ,  Tatley  M.  Lancet  1 998; 
352(9 137):  1 340. 

BACKGROUND:  Tuberculosis  is  a  major  pub- 
lic-health problem  in  South  Africa,  made  worse 
by  poor  adherence  to  and  frequent  interruption 
of  treatment.  Direct  observation  (DO)  of  tuber- 
culosis patients  taking  their  drugs  is  supposed 
to  improve  treatment  completion  and  outcome. 
We  compared  DO  with  self-supervision,  in 
which  patients  on  the  same  drug  regimen  are 
not  observed  taking  their  pills,  to  assess  the 
effect  of  each  on  the  success  of  tuberculosis 
treatment.  METHODS:  We  undertook  an  un- 
blinded  randomised  controlled  trial  in  two  com- 
munities with  large  tuberculosis  caseloads.  The 
trial  included  2 1 6  adults  who  started  pulmonary 
tuberculosis  treatment  for  the  first  time,  or  who 
had  a  .second  course  of  treatment  (retreatment 
patients).  No  changes  to  existing  treatment  de- 
livery were  made  other  than  randomisation. 
Analysis  was  by  intention  to  treat.  Individual 
patient  data  from  the  two  communities  were 
combined.  FINDINGS:  Treatment  for  tubercu- 
losis was  more  successful  among  self-super- 
vised patients  (60%  of  patients)  than  among 
those  on  DO  (54%  of  patients,  difference  be- 
tween groups  6%  [90%  CI  -5.1  to  17.0]).  Re- 
treatment  patients  had  significantly  more  suc- 
cessful treatment  outcomes  if  self-supervised 
(74%  of  patients)  than  on  DO  (42%  of  patients, 
difference  between  groups  32%  [ll%-52%]). 
INTERPRETATION:  At  high  rates  of  treatment 
interruption,  self-supervision  achieved  equiva- 
lent outcomes  to  clinic  DO  at  lower  cost.  Self- 
supervision  achieved  better  outcomes  for  re- 
treatment  patients.  Supportive  patient-carer 
relations,  rather  than  the  authoritarian  surveil- 
lance implicit  in  DO,  may  improve  treatment 
outcomes  and  help  to  control  tuberculosis. 

Intravenous  Almitrine  Bismesylate  Revers- 
ibly  Induces  Lactic  Acidosis  and  Hepatic  Dys- 
function in  Patients  with  Acute  Lung  Inju- 
ry— B'chir  A,  Mebazaa  A,  Losser  MR,  Romieu 
M,  Payen  D.  Anesthesiology  I998;89(4):823. 
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BACKGROUND:  Intravenous  almitrine,  which 
augments  hypoxic  pulmonary  vasoconstriction, 
is  used  for  short-term  improvement  of  arterial 
oxygenation.  However,  recent  research  has  sug- 
gested a  potentially  harmful  effect  on  lactate 
metabolism  and  hepatic  function.  METHODS: 
Arterial  oxygenation,  hemodynamic  parame- 
ters, plasma  lactate,  and  hepatic  function  were 
monitored  prospectively  in  25  patients  with 
acute  lung  injury  (defined  as  a  ratio  of  arterial 
oxygen  pressure  to  inspiratory  oxygen  frac- 
tion s  150  mm  Hg)  who  where  treated  with 
intravenous  almitrine.  In  21  of  25  patients,  acute 
lung  injury  was  related  to  primary  lung  lesions, 
including  pneumonia,  postcardiosurgical  atel- 
ectasis, and  lung  contusions.  RESULTS:  Intra- 
venous almitrine  increased  the  ratio  of  arterial 
oxygen  pressure  to  inspiratory  oxygen  fraction 
from  93  ±  33  mm  Hg  to  207  ±  107  mm  Hg 
(mean  ±  SD).  In  eight  patients  (three  men),  the 
plasma  lactate  concentration  increased  by  an 
average  of  +3.5  ±  1.8  mM,  and  the  pH  and 
bicarbonate  concentration  both  decreased  dur- 
ing the  first  24  h  of  treatment.  In  this  group  of 
patients,  the  total  bilirubin  concentration  was 
elevated  before  almitrine  administration,  and  the 
results  of  other  hepatic  function  tests,  such  as 
aspartate  aminotransferase,  alanine  aminotrans- 
ferase, and  prothrombin  time,  were  altered  by 
almitrine  administration.  Therefore,  intravenous 
almitrine  was  discontinued.  Lactic  acidosis  and 
hepatic  dysfunction  improved.  In  the  other  17 
patients  (14  men),  the  plasma  lactate  concen- 
tration and  the  hepatic  function  tests  remained 
unaltered  during  intravenous  almitrine  therapy 
for  >  60  h.  Univariate  and  multivariate  analy- 
.ses  revealed  that  an  abnormal  plasma  concen- 
tration of  total  bilirubin  before  almitrine  admin- 
istration and  female  gender  were  the  two  factors 
significantly  linked  with  lactic  acidosis  during 
almitrine  infusion.  CONCLUSIONS:  This  study 
confirms  that  intravenous  almitrine  greatly  im- 
proves arterial  oxygenation  in  patients  with 
acute  lung  injury  but  may  also  induce  lactic 
acidosis  and  hepatic  dysfunction.  The  coexist- 
ence of  lactic  acidosis  and  hepatic  dysfunction 
in  the  same  patients  strongly  suggests  that  the 
liver  is  the  primary  source  of  intravenous  almi- 
trine-induced  lactic  acidosis. 


Effects  of  Respiratory  Alkalosis  and  Acido- 
sis on  Myocardial  Blood  Flow  and  Metabo- 
lism in  Patients  with  Coronary  Artery  Dis- 
ease— Kazmaier  S,  Weyland  A,  Buhre  W, 
Stephan  H,  Rieke  H,  Filoda  K,  Sonntag  H.  An- 
esthesiology 1998;89(4):831. 

BACKGROUND:  Variation  of  the  arterial  car- 
bon dioxide  partial  pressure  (Paco2)  's  not  un- 
common in  anesthetic  practice.  However,  little 
is  known  about  the  myocardial  consequences  of 
respiratory  alkalosis  and  acidosis,  particularly 
in  patients  with  coronary  artery  disease.  The 
aim  of  the  current  study  was  to  investigate  the 
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effects  of  variation  in  Pjco2  o"  myocardial  blood 
flow  (MBF),  metabolism,  and  systemic  hemo- 
dynamics in  patients  before  elective  coronary 
artery  bypass  graft  surgery.  METHODS:  In  10 
male  anesthetized  patients,  measurements  of 
MBF,  myocardial  contractility,  metabolism,  and 
systemic  hemodynamics  were  made  in  a  ran- 
domized sequence  at  Paco2  levels  of  30,  40,  and 
50  mm  Hg,  respectively.  The  MBF  was  mea- 
sured using  the  Kety-Schmidt  technique  with 
argon  as  a  tracer.  End-diastolic  left  ventricular 
pressure  and  the  maximal  increase  of  left  ven- 
tricular pressure  were  assessed  using  a  manom- 
eter-tipped catheter.  RESULTS:  The  cardiac  in- 
dex significantly  changed  with  varying  P.,co2 
levels  (hypocapnia,  -  9%;  hypercapnia,  13%). 
This  reaction  was  associated  with  inverse 
changes  in  sy.slemic  vascular  resistance  index 
levels.  The  MBF  significantly  increased  by  15% 
during  hypercapnia,  whereas  no  change  was 
found  during  hypocapnia.  Myocardial  oxygen 
and  glucose  uptake  and  the  maximal  increase  of 
left  ventricular  pressure  were  not  affected  by 
varying  P„„,,  levels.  CONCLUSIONS:  In  anes- 
thetized patients  with  coronary  artery  disease, 
short-term  variations  in  Paco2  h^^^  significant 
effects  on  MBF  but  do  not  influence  global 
myocardial  oxygen  and  glucose  uptake.  Changes 
in  systemic  hemodynamics  associated  with  re- 
spiratory alkalosis  and  acidosis  are  cau.sed  by 
changes  in  systemic  vascular  resistance  rather 
than  by  alterations  in  myocardial  contractility. 


Respiratory  Care  •  February  1999  Vol  44  No  2 


143 


Abstracts 


Influence  of  Mechanical  Ventilation  On 
Blood  Lactate  In  Patients  With  Acute  Respi- 
ratory Failure — Gil  A,  Carrizosa  F,  Herrero 
A.  Martin  J,  Gonzalez  J,  Jareno  A,  Rivera  J.  In- 
tensive Care  Med  1998;24(9):924. 

OBJECTIVES:  To  determine  whether  mechan- 
ical ventilation  (MV)  may  affect  blood  lactate 
concentration  in  patients  with  acute  respiratory 
failure.  DESIGN:  Prospective  observational 
study  with  follow-up  to  hospital  discharge.  SET- 
TING: A  17-bed  medical  and  coronary  inten- 
sive care  unit  in  a  650-bed  general  hospital. 
PATIENTS:  55  adult  patients  mechanically  ven- 
tilated for  acute  respiratory  failure  between  May 
1996  and  April  1997  were  recruited.  MEA- 
SUREMENTS AND  RESULTS:  Arterial  blood 
samples  for  determination  of  plasma  lactate  and 
blood  gas  analysis  were  taken  just  before  tra- 
cheal intubation  on  spontaneous  breathing,  and 
20  and  60  min  after  the  initiation  of  controlled 
MV.  Cuff  systemic  arterial  pressure  was  mea- 
sured before  tracheal  intubation  and  every  10 
min  during  the  first  h  of  MV.  Hyperlactatemia 
(arterial  blood  lactate  a  2  mmol/1)  was  present 
in  21  of  the  55  patients  studied.  After  20  min  of 
MV.  there  was  a  decrease  in  blood  lactate  from 
4.74  ±  1.78  to  3.07  ±  1.69  mmol/1  (p  <  0.01); 
40  min  later  there  was  a  further  decrease  to 
2.63  ±  1 .35  mmol/1  (p  <  0.05).  The  decrease  in 
blood  lactate  was  also  observed  in  those  pa- 
tients who  after  starting  MV  developed  sys- 
temic arterial  hypotension  (p  <  0.01).  In  pa- 
tients with  a  normal  lactate  concentration  at  the 
entry  to  the  study,  lactate  remained  the  same 
after  60  min  on  MV  (NS).  CONCLUSIONS: 
Controlled  MV  decreases  substantially  the  se- 
verity of  hyperlactatemia  in  patients  with  acute 
respiratory  failure,  and  any  adverse  circulatory 
effects  of  MV  do  not  alter  this  beneficial  out- 
come. 

Work  of  Breathing,  Inspiratory  Flow  Re- 
sponse, and  Expiratory  Resistance  during 
Continuous  Positive  Airway  Pressure  with 
the  Ventilators  EVITA-2,  EVITA-4  and  SV 

300— Calzia  E.  Lindner  KH,  Stahl  W,  Martin 
A,  Radermacher  P.  Georgieff  M.  Intensive  Care 
Med  1998;24(9):931. 

OBJECTIVE:  To  analyze  work  of  breathing 
(WOB)  imposed  by  the  respirators  EVITA-2, 
EVITA-4  (Dragerwerk.  Lubeck.  Germany)  and 
SV  300  (Siemen.s-Elema,  Sweden)  as  well  as 
inspiratory  tlow  response  and  expiratory  flow 
resistance  during  continuous  positive  airway 
pressure  (CPAP).  DESIGN:  Five  study  condi- 
tions on  a  lung  model  (CPAP  at  0,  5,  and  10 
mbar,  CPAP  5  mbar  plus  pressure  support  2 
mbar  with  both  EVITA  models,  and  CPAP  5 
mbar  with  decreasing  levels  of  flow  and  pres- 
sure trigger  sensitivity  with  the  SV  3CX))  and 
three  randomized  study  conditions  in  nine  pa- 
tients recovering  from  open  heart  surgery  (con- 
dition A:  EVITA-2,  CPAP  5  mbar;  condition 


B:  SV  300.  CPAP  5  mbar,  flow  trigger;  condi- 
tion C:  SV  300,  pressure  trigger-4  mbar).  SET- 
TING: University  hospital  intensive  care  unit 
and  laboratory  of  pulmonary  physiology.  MEA- 
SUREMENTS AND  RESULTS:  At  each  study 
condition  we  measured  WOB,  pressure-time 
product  (PTP),  WOB  and  PTP  imposed 
(WOBimposed  and  PTPimposed),  tidal  volume, 
minute  ventilation,  respiratory  rate,  inspiratory 
trigger  time,  trigger  pressure,  trigger  PTP,  du- 
ration of  inspiration,  mean  and  peak  inspiratory 
flow,  and  the  delay  from  the  onset  of  inspira- 
tion to  peak  inspiratory  flow.  Since  the  SV  3(K) 
automatically  generates  an  additional  pressure 
support  of  2  cm  H^O  PTP,  WOB,  WOBim- 
posed, and  FTPimposed  were  higher  with  the 
EVITA-2  and  EVITA-4  regardless  of  the  trig- 
ger sensitivity  set  on  the  SV  300.  The  differ- 
ence was  neutralized  with  both  types  of  EVITA 
ventilator  by  adding  2  mbar  of  pressure  support 
during  CPAP  in  order  to  achieve  comparable 
conditions.  Inspiratory  flow  response  was  faster 
with  both  EVITA  models,  expiratory  flow  re- 
sistance was  higher  with  the  SV  300.  Decre- 
ments of  trigger  sensitivity  with  the  SV  300 
accelerated  the  flow  response.  CONCLU- 
SIONS: Under  similar  conditions,  no  difference 
in  WOBimposed  was  observed,  although  in- 
spiratory flow  response  and  expiratory  flow  re- 
sistance differed  substantially  between  the  three 
ventilators  tested.  Trigger  sensitivity  plays  a  mi- 
nor role  in  determining  PTP  and  WOB  but  has 
major  influence  on  flow. 

A  Profile  of  European  ICU  Nursing — Depasse 
B,  Pauwels  D,  Somers  Y,  Vincent  JL.  Intensive 
Care  Med  1998;24(9):939. 

OBJECTIVE:  To  evaluate  major  similarities  and 
major  differences  between  Western  European 
countries  in  intensive  care  unit  (ICU)  nurse  staff- 
ing, education,  training,  responsibilities,  and  ini- 
tiative. DESIGN:  A  questionnaire  was  sent  to 
Western  European  doctor  members  of  the  Eu- 
ropean Society  of  Intensive  Care  Medicine,  to 
be  passed  on  to  the  nurse-in-charge  of  their 
ICU.  RESULTS:  156  completed  questionnaires 
were  analyzed:  49%  were  from  university  hos- 
pitals, 26%  from  university-affiliated  hospitals, 
and  25%  from  community  hospitals;  42%  of 
the  hospitals  had  inore  than  700  beds,  67%  of 
the  ICUs  had  between  6  and  12  beds,  and  54% 
were  mixed  medical-surgical  units.  Among  Brit- 
ish units.  79%  had  more  than  three  full-time 
nursing  equivalents  (FTE)  per  ICU  bed,  while 
in  Sweden  75%  of  units  had  less  than  two  FTE/ 
ICU  bed.  University  hospitals  had  more  nurs- 
ing staff  per  bed  than  community  hospitals.  As 
regards  training,  33%  of  nurses  followed  a  train- 
ing course  before  starting  work  on  the  ICU  and 
64%  after  starting  on  the  unit,  and  85%  had 
easy  access  to  continuing  education,  particu- 
lariy  in  the  university  hospitals.  In  an  emer- 
gency, more  than  70%  of  nurses  regulariy  ini- 
tiated oxygen  administration,  mask  ventilation. 


or  cardiac  massage.  In  Sweden  100%  of  nurses 
and  in  Switzerland  91%  of  nurses  regularly  in- 
serted peripheral  intravenous  catheters,  but  only 
7%  of  German  nurses  did.  No  German  nurses 
and  only  12%  of  British  nurses  regularly  per- 
formed arterial  puncture,  but  in  Sweden  75%  of 
nurses  regularly  did.  CONCLUSION:  Even 
though  the  number  of  participants  were  limited, 
our  questionnaire  revealed  variations  in  nurse 
staffing  patterns  among  European  countries  and 
in  their  systems  of  training  and  education.  Nurse 
autonomy  also  varies  widely  between  countries. 

The  Use  of  Intensive  Care  Information  Sys- 
tems Alters  Outcome  Prediction — Bosman 
RJ.  van  Straaten  HM,  Zandstra  DF.  Intensive 
Care  Med  I998;24(9):953. 

OBJECTIVE:  To  study  the  effect  of  using  an 
Intensive  Care  Information  Sy.stem  (ICIS)  on 
severity  scores  and  prognostic  indices:  Acute 
Physiology  and  Chronic  Health  Evaluation  II 
(APACHE  II),  Simplified  Acute  Physiology 
Score  II  (SAPS  II),  and  Mortality  Probability 
Models  II  (MPM  II).  DESIGN:  Pro.spective  pi- 
lot study.  SETTING:  A  20-bed  medical-surgi- 
cal intensive  care  unit  (ICU)  in  a  teaching  hos- 
pital. PATIENTS:  50  consecutive  adult  patients 
admitted  to  the  ICU  on  a  bed  equipped  with  an 
ICIS.  INTERVENTIONS:  None.  MEASURE- 
MENTS AND  RESULTS:  In  each  patient  all 
the  physiologic  variables,  as  required  by  the 
severity  scores,  were  both  manually  charted  and 
recorded  by  ICIS.  ICIS  registration  resulted  in 
the  extraction  of  more  abnormal  values  for  all 
physiologic  variables  (except  temperature): 
p  <  0.05.  Higher  severity  scores  and  mortality 
prediction  were  achieved  by  using  ICIS  chart- 
ing: predicted  mortality  increased  by  15%  for 
APACHE  II  compared  to  manual  charting,  25% 
for  SAPS  II,  and  24%  for  MPMO.  ICIS  charting 
resulted  in  higher  severity  scores  and  mortality 
prediction  for  29  of  the  50  patients  using 
APACHE  II  with  a  mean  increase  in  mortality 
prediction  in  this  subgroup  of  27%.  In  the  case 
of  SAPS  II,  ICIS  charting  resulted  in  higher 
scores  in  23  of  the  50  patients  and  in  the  case  of 
MPMO  in  1 3  patients,  the  mean  increase  in  mor- 
tality in  these  subgroups  being  64  and  148%, 
respectively.  CONCLUSIONS:  The  use  of  ICIS 
charting  to  acquire  the  most  abnormal  physio- 
logic values  for  severity  scores  and  the  derived 
prognostic  indices  results  in  a  higher  mortality 
prediction.  Comparison  of  groups  of  patients 
and/or  ICUs  based  on  severity  scores  is  impos- 
sible without  standardization  of  data  collection. 
The  mortality  prediction  models  have  to  be  re- 
validated for  the  use  of  ICIS  charting.  While 
awaiting  this,  we  suggest  that  every  patient 
record  in  local  regional,  national,  or  interna- 
tional ICU  databa.ses  should  be  marked  as  be- 
ing recorded  by  manual  or  by  ICIS  charting. 

(■as  Exchange  and  Pulmonary  Haemody- 
namic  Responses  to  Fat  Emulsions  in  Acute 
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Abstracts 


Respiratory  Distress  Syndrome — Masclans 
JR,  Iglesia  R,  Bermejo  B,  Pico  M,  Rodriguez- 
Roisin  R,  Planas  M.  Intensive  Care  Med  1998; 
24(9):918. 

OBJECTIVE:  To  investigate  the  gas  exchange 
and  pulmonary  haemodynamic  responses  to  two 
different  intravenous  fat  emulsions  in  patients 
with  acute  respiratory  distress  syndrome 
(ARDS).  DESIGN:  Prospective,  randomized, 
double-blind,  placebo-controlled  study.  SET- 
TING: Intensive  care  unit  in  a  university-affil- 
iated hospital.  PATIENTS:  21  patients  with 
ARDS  [mean  age,  57  ±  3  (SEM)  years;  Acute 
Physiology  and  Chronic  Health  Evaluation  II, 
20  ±  3;  Murray's  score,  2.85  ±  0.12]  consec- 
utively admitted.  INTERVENTIONS:  Patients 
were  assigned  to  three  groups  (n  =  7  each): 
group  A  (LCT)  received  long-chain  triglycer- 
ides (20%  LCT),  group  B  (MCT/LCT),  medi- 
um-chain triglycerides/long-chain  triglycerides 
(20%  MCT/LCT:  50/50)  and  group  C  placebo 
(0.9%  sodium  chloride,  NaCl).  The  infusion  was 
always  given  at  the  rate  of  2  mg/kg  min  over  a 
total  period  of  12  h,  with  a  volume  infusion  of 
500  mL  in  each  group.  MEASUREMENTS: 
Data  were  collected  before,  immediately  after 
and  1 2  h  after  infusion  ceased.  Pulmonary  and 
systemic  haemodynamic  and  gas  exchange  vari- 
ables were  measured  at  each  time  point.  Serum 
triglyceride  cholesterol,  and  non-esterified  fatty 
acids  levels  were  measured.  RESULTS:  During 
LCT  infusion,  cardiac  output,  oxygen  consump- 
tion and  oxygen  delivery  increased  (all  p  < 
0.05),  whereas  pulmonary  haemodynamics,  ar- 
terial oxygen  tension,  mixed  venous  partial  pres- 
sure of  oxygen  and  venous  admixture  ratio  re- 
mained essentially  unaltered.  No  changes  were 
observed  following  MCT/LCT  infusion.  CON- 
CLUSIONS: The  administration  of  LCT  emul- 
sion given  at  a  slow  rate  did  not  alter  arterial 
oxygenation  because  of  the  beneficial  effect  of 
a  high  cardiac  output,  hence  offsetting  the  det- 
rimental effect  of  increased  Oj  consumption. 

Trends  in  Alternative  Medicine  Use  in  the 
United  States,  1990-1997:  Results  of  a  Fol- 
low-Up  National  Survey — Eisenberg  DM, 
Davis  RB,  Ettner  SL,  Appel  S,  Wilkey  S,  Van 
Rompay  M,  Kessler  RC.  JAMA  I998;280(18): 
1569. 

CONTEXT:  A  prior  national  survey  docu- 
mented the  high  prevalence  and  costs  of  alter- 
native medicine  use  in  the  United  States  in  1 990. 
OBJECTIVE:  To  document  trends  in  alterna- 
tive medicine  use  in  the  United  States  between 
1990  and  1997.  DESIGN:  Nationally  represen- 
tative random  household  telephone  surveys  us- 
ing comparable  key  questions  were  conducted 
in  1991  and  1997  measuring  utilization  in  1990 
and  1997,  respectively.  PARTICIPANTS:  A  to- 
tal of  1539  adults  in  1991  and  2055  in  1997. 
MAIN  OUTCOMES  MEASURES:  Prevalence, 
estimated  costs,  and  disclosure  of  alternative 


therapies  to  physicians.  RESULTS:  Use  of  at 
least  1  of  16  alternative  therapies  during  the 
previous  year  increased  from  33.8%  in  1990  to 
42.1%  in  1997  (p  s  .001).  The  therapies  in- 
creasing the  most  included  herbal  medicine, 
massage,  megavitamins,  self-help  groups,  folk 
remedies,  energy  healing,  and  homeopathy.  The 
probability  of  users  visiting  an  alternative  med- 
icine practitioner  increased  from  36.3%  to 
46.3%  (p  =  .002).  In  both  surveys  alternative 
therapies  were  used  most  frequently  for  chronic 
conditions,  including  back  problems,  anxiety, 
depression,  and  headaches.  There  was  no  sig- 
nificant change  in  disclosure  rates  between  the 
2  survey  years;  39.8%  of  alternative  therapies 
were  disclosed  to  physicians  in  1990  vs  38.5% 
in  1997.  The  percentage  of  users  paying  en- 
tirely out-of-pocket  for  services  provided  by  al- 
ternative medicine  practitioners  did  not  change 
significantly  between  1990  (64.0%)  and  1997 
(58.3%)  (p=.36).  Extrapolations  to  the  US  pop- 
ulation suggest  a  47.3%  increase  in  total  visits 
to  alternative  medicine  practitioners,  from  427 
million  in  1990  to  629  million  in  1997,  thereby 
exceeding  total  visits  to  all  US  primary  care 
physicians.  An  estimated  15  million  adults  in 
1997  took  prescription  medications  concurrently 
with  herbal  remedies  and/or  high-dose  vitamins 
(18.4%  of  all  prescription  users).  Estimated  ex- 
penditures for  alternative  medicine  professional 
services  increased  45.2%  between  1990  and 
1997  and  were  conservatively  estimated  at  $2 1 .2 
billion  in  1997,  with  at  least  $12.2  billion  paid 
out-of-pocket.  This  exceeds  the  1997  out-of- 
pocket  expenditures  for  all  US  hospitalizations. 
Total  1997  out-of-pocket  expenditures  relating 
to  alternative  therapies  were  conservatively  es- 
timated at  $27.0  billion,  which  is  comparable 
with  the  projected  1997  out-of-pocket  expendi- 
tures for  all  US  physician  services.  CONCLU- 
SIONS: Alternative  medicine  use  and  expendi- 
tures increased  substantially  between  1990  and 
1997,  attributable  primarily  to  an  increase  in 
the  proportion  of  the  population  seeking  alter- 
native therapies,  rather  than  increased  visits  per 
patient. 

Kinetics  of  Oxygen  Uptalce  at  the  Onset  of 
Exercise  in  Boys  and  Men — Hebestreit  H, 
Kriemler  S,  Hughson  RL,  Bar-Or  O.  J  Appl 
Physiol  1998;85(5):I833. 

The  objective  of  this  study  was  to  compare  the 
O,  uptake  (VOj)  kinetics  at  the  onset  of  heavy 
exercise  in  boys  and  men.  Nine  boys,  aged  9-12 
yr,  and  8  men,  aged  19-27  yr,  performed  a 
continuous  incremental  cycling  task  to  deter- 
mine peak  VOj  (VOj  peak).  On  2  other  days, 
subjects  performed  each  day  four  cycling  tasks 
at  80  rpm,  each  consisting  of  2  min  of  unloaded 
cycling  followed  twice  by  cycling  at  50%  VO2 
peak  for  3.5  min,  once  by  cycling  at  l(X)%  VO2 
peak  for  2  min,  and  once  by  cycling  at  130% 
VO2  peak  for  75  s.  Oj  deficit  was  not  signifi- 
cantly different  between  boys  and  men  (respec- 


tively, 50%  VO2  peak  task:  6.6  ±  11.1  vs. 
5.5  ±  7.3  mL  •  min'  •  kg';  100%  VO2  peak 
task:  28.5  ±  8.1  vs.  31.8  ±  6.3  mL  •  min'  • 
kg-';  and  130%  VO^  peak  task:  30.1  ±  5.7  vs. 
35.8  ±  5.3  mL  •  min'  •  kg').  To  assess  the 
kinetics,  phase  I  was  excluded  from  analysis. 
Phase  II  VO2  kinetics  could  be  described  in  all 
cases  by  a  monoexponential  function.  ANOVA 
revealed  no  differences  in  time  constants  be- 
tween boys  and  men  (respectively,  50%  VOj  - 
peak  task:  22.  8  ±  5.1  vs.  26.4  ±  4.1  s;  100% 
VO2  peak  task:  28.0  ±  6.0  vs.  28. 1  ±  4.4  s;  and 
130%  VO2  peak  task:  19.8  ±  4.1  vs.  20.7  ±  5. 
7  s).  In  conclusion,  Oj  deficit  and  fast-compo- 
nent VO2  on-transients  are  similar  in  boys  and 
men,  even  at  high  exercise  intensities,  which  is 
in  contrast  to  the  findings  of  other  studies  em- 
ploying simpler  methods  of  analysis.  The  pre- 
vious interpretation  that  children  rely  less  on 
nonoxidative  energy  pathways  at  the  onset  of 
heavy  exercise  is  not  supported  by  our  findings. 

Fuel  Metabolism  in  Men  and  Women  during 
and  after  Long-Duration  Exercise — Horton 
TJ,  Pagliassotti  MJ,  Hobbs  K,  Hill  JO.  J  Appl 
Physiol  1998;85(5):1823. 

This  study  aimed  to  determine  gender-based  dif- 
ferences in  fuel  metabolism  in  response  to  long- 
duration  exercise.  Fuel  oxidation  and  the  met- 
abolic response  to  exercise  were  compared  in 
men  (n  =  14)  and  women  (n  =  13)  during  2  h 
(40%  of  maximal  Oj  uptake)  of  cycling  and  2  h 
of  postexercise  recovery.  In  addition,  subjects 
completed  a  separate  control  day  on  which  no 
exercise  was  performed.  Fuel  oxidation  was 
measured  using  indirect  calorimetry,  and  blood 
samples  were  drawn  for  the  determination  of 
circulating  substrate  and  hormone  levels.  Dur- 
ing exercise,  women  derived  proportionally 
more  of  the  total  energy  expended  from  fat  ox- 
idation (50.9  ±  1 .8  and  43.7  ±  2. 1  %  for  women 
and  men,  respectively,  p  <  0.02),  whereas  men 
derived  proportionally  more  energy  from  car- 
bohydrate oxidation  (53.1  ±  2.1  and  45.7  ± 
1.8%  for  men  and  women,  respectively,  p  < 
0.01).  These  gender-based  differences  were  not 
observed  before  exercise,  after  exercise,  or  on 
the  control  day.  Epinephrine  (p  <  0.007)  and 
norepinephrine  (p  <  0.0009)  levels  were  sig- 
nificantly greater  during  exercise  in  men  than 
in  women  (peak  epinephrine  concentrations: 
208  ±  36  and  121  ±  15  pg/mL  in  men  and 
women,  respectively;  peak  norepinephrine  con- 
centrations: 924  ±  1 25  and  659  ±  68  pg/mL  in 
men  and  women,  respectively).  As  circulating 
glycerol  levels  were  not  different  between  the 
two  groups,  this  suggests  that  women  may  be 
more  sensitive  to  the  lipolytic  action  of  the  cat- 
echolamines. In  conclusion,  these  data  support 
the  view  that  different  priorities  are  placed  on 
lipid  and  carbohydrate  oxidation  during  exer- 
cise in  men  and  women  and  that  these  gender- 
based  differences  extend  to  the  catecholamine 
response  to  exercise. 
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Alveolar  Oxygen  Uptake  and  Femoral  Ar- 
tery Blood  Flow  Dynamics  in  Upright  and 
Supine  Leg  Exercise  in  Humans — MacDonald 
MJ,  Shoemaker  JK,  Tschakovsky  ME,  Hugh- 
son  RL.  J  AppI  Physiol  1998:85(5):  1622. 

We  tested  the  hypothesis  that  the  slower  in- 
crease in  alveolar  oxygen  uptake  (VOj)  at  the 
onset  of  supine,  compared  with  upright,  exer- 
cise would  be  accompanied  by  a  slower  rate  of 
increase  in  leg  blood  flow  (LBF).  Seven  healthy 
subjects  performed  transitions  from  rest  to  40-W 
knee  extension  exercise  in  the  upright  and  su- 
pine positions.  LBF  was  measured  continuously 
with  pulsed  and  echo  Doppler  methods,  and 
VOj  was  measured  breath  by  breath  at  the 
mouth.  At  rest,  a  smaller  diameter  of  the  fem- 
oral artery  in  the  supine  position  (p  <  0.  05) 
was  compensated  by  a  greater  mean  blood  flow 
velocity  (MBV)  (p  <  0.05)  so  that  LBF  was  not 
different  in  the  two  positions.  At  the  end  of  6 
min  of  exercise,  femoral  artery  diameter  was 
larger  in  the  upright  position  and  there  were  no 
differences  in  VO,,  MBV,  or  LBF  between  up- 
right and  supine  positions.  The  rates  of  increase 
of  VO,  and  LBF  in  the  transition  between  rest 
and  40  W  exercise,  as  evaluated  by  the  mean 
response  time  (time  to  63%  of  the  increase), 
were  slower  in  the  supine  [VOj  =  39.7  ±  3.8 
(SE)  s,  LBF  =  27.6  ±  3.9  s]  than  in  the  upright 
positions  (VOj  =  29.3  ±  3.0  s,  LBF  =  17.  3  ± 
4.0  s;  p  <  0.05).  These  data  support  our  hy- 
pothesis that  slower  increases  in  alveolar  VO, 
at  the  onset  of  exercise  in  the  supine  position 
are  accompanied  by  a  slower  increase  in  LBF. 

Inspiratory  and  Expiratory  Patterns  of  the 
Pectoralis  Major  Muscle  during  Pulmonary 
Defensive  Reflexes — Bolser  DC.  Reier  PJ. 
J  Appl  Physiol  1998:85(5):  1786. 

Experiments  were  conducted  to  determine  the 
discharge  pattern  of  the  pectoralis  major  mus- 
cle during  pulmonary  defensive  reflexes  in  anes- 
thetized cats  (n  =  15).  Coughs  and  expiration 
reflexes  were  elicited  by  mechanical  stimula- 
tion of  the  intrathoracic  trachea  or  larynx.  Aug- 
mented breaths  occurred  spontaneously  or  were 
evoked  by  the  same  mechanical  stimuli.  Elec- 
tromyograms  (EMGs)  were  recorded  from  the 
diaphragm,  rectus  abdominis,  and  pectoralis  ma- 
jor muscles.  During  augmented  breaths,  the  pec- 
toralis major  had  inspiratory  EMG  activity  sim- 
ilar to  that  of  the  diaphragm,  but  during 
expiration  reflexes  the  pectoralis  major  also  had 
purely  expiratory  EMG  activity  similar  to  the 
rectus  abdominis.  During  tracheobronchial 
cough,  the  pectoralis  major  had  an  inspiratory 
pattern  similar  to  that  of  the  diaphragm  in  10 
animals,  an  expiratory  pattern  similar  to  that  of 
the  rectus  abdominis  in  3  animals,  and  a  bipha- 
sic  pattern  in  2  animals.  The  pectoralis  major 
was  active  during  both  the  inspiratory  and  ex- 
piratory phases  during  laryngeal  cough.  We  con- 
clude that,  in  contrast  to  the  diaphragm  or  rec- 


tus abdominis  muscles,  the  pectoralis  major  is 
active  during  both  inspiratory  and  expiratory 
pulmonary  defensive  reflexes. 

Effects  of  Inspiratory  and  Expiratory  Posi- 
tive Pressure  Difference  on  Airflow  Dynam- 
ics during  Sleep — Series  F,  Marc  I.  J  Appl 
Physiol  1998:85(5):I855. 

We  measured  the  effects  of  dissociating  inspira- 
tory and  expiratory  positive  pressure  (PI  and 
PE,  respectively)  on  the  inspiratory  flow  limi- 
tation pattern  and  on  genioglossus  (GG)  activ- 
ity in  nine  sleep  apnea  patients.  Measurements 
were  made  at  two  different  levels  of  PI  with 
stepwise  increases  in  PE.  Flow-limited  breaths 
were  observed  during  each  recording  session. 
in  six  of  nine  subjects,  maximal  inspiratory  flow 
(VImax)  was  correlated  with  the  difference  be- 
tween PI  and  PE  (correlations  were  negative  in 
5  subjects,  positive  in  I  subject).  In  three  other 
patients,  VImax  was  not  influenced  by  the 
amount  of  pressure  difference.  A  positive  rela- 
tionship between  tonic  and/or  phasic  GG  elec- 
tromyographic activities  and  PI-PE  difference 
was  observed  at  least  at  one  PI  level  in  all  pa- 
tients. This  correlation  was  observed  indepen- 
dently of  the  presence  or  ab.sence  of  any  rela- 
tionship between  VImax  and  the  amount  of 
pressure  difference.  Our  results  suggest  that  in- 
creasing the  PI-PE  difference  (i.e.,  decreasing 
PE)  may  be  associated  with  a  significant  wors- 
ening in  inspiratory  flow  limitation  and  that  the 
VImax-pressure  difference  behavior  is  not  de- 
pendent on  the  GG  electromyographic-pressure 
response. 

Human  Ventilatory  Response  to  COj  after  8 
H  of  Isocapnic  or  Poikilocapnic  Hypoxia — 

Fatemian  M,  Robbins  PA.  J  Appl  Physiol  1998: 
85(5):  1922. 

During  ventilatory  acclimatization  to  hypoxia 
(VAH),  the  relationship  between  ventilation 
(VE)  and  end-tidal  PCO,  (PetCO,)  changes. 
This  study  was  designed  to  determine  1 )  whether 
these  changes  can  be  seen  early  in  VAH  and  2) 
if  these  changes  are  present,  whether  the  re- 
sponses differ  between  isocapnic  and  poikilo- 
capnic exposures.  Ten  healthy  volunteers  were 
studied  by  using  three  8-h  expo.sures:  1)  iso- 
capnic hypoxia  (IH),  end-tidal  PO,  (PftO:)  = 
55  Torr  and  P^COt  held  at  the  subject's  nor- 
mal prehypoxic  value:  2)  poikilocapnic  hyp- 
oxia (PH),  PpT-O;  =  55  Torr:  and  3)  control 
(C),  air  breathing.  The  VE-P,.tCO,  relationship 
was  determined  in  hyperoxia  (PmtO,  =  200 
Torr)  before  and  after  the  exposures.  We  found 
a  significant  increase  in  the  slopes  of  VE- 
Pi.xCOt  relationship  after  both  hypoxic  expo- 
sures compared  with  control  (IH  vs.  C,  p  < 
0.01:  PH  vs.  C.  p  <  0.001:  analysis  of  covari- 
ance  with  pairwise  comparisons).  This  increase 
was  not  significantly  different  between  proto- 
cols IH  and  PH.  No  significant  changes  in  the 


intercept  were  detected.  We  conclude  that  8  h 
of  hypoxia,  whether  isocapnic  or  poikilocapnic, 
increases  the  sensitivity  of  the  hyperoxic  che- 
moreflex  response  to  CO,. 

Idiopathic  Pulmonary  Fibrosis:  Current 
Concepts— Ryu  JH,  Colby  TV,  Hartman  TE. 
Mayo  Clin  Proc  1998:73(1 1):  1085. 

Idiopathic  pulmonary  fibrosis  (IPF)  is  generally  • 
defined  as  a  progressive,  fibrosing  inflamma- 
tory disease  of  the  lung  parenchyma  of  unknown 
cau.se.  It  is  characterized  by  slowly  increasing 
dyspnea,  diffuse  interstitial  lung  infiltrates,  re- 
strictive lung  dysfunction,  and  impaired  gas  ex- 
change. Ultimately,  it  is  fatal  in  most  patients, 
and  treatment  options  remain  unsatisfactory. 
The  advent  of  high-resolution  computed  tomog- 
raphy of  the  chest  and  modifications  in  the  his- 
topathologic classification  of  interstitial  pneu- 
monias have  reshaped  the  concept  of  IPF. 
Although  initially  thought  to  be  a  relatively  spe- 
cific clinicopathologic  entity,  it  seems  likely 
that  IPF  as  previously  defined  is  a  heteroge- 
neous disorder  consisting  of  several  clinicopath- 
ologic entities  with  differing  histopathologic 
patterns,  clinical  course,  response  to  therapy, 
and  prognosis.  The  most  common  histologic 
pattern  in  ca.ses  previously  defined  as  IPF  is 
u.sual  interstitial  pneumonia,  which  is  associ- 
ated with  a  median  survival  of  less  than  3  years. 
For  accurate  prognosis  and  optimal  manage- 
ment of  patients,  the  clinician  should  attempt  to 
be  as  precise  as  possible  in  distinguishing  var- 
ious clinicopathologic  entities  that  have  been 
included  under  the  clinical  heading  of  IPF.  In 
the  future,  we  recommend  that  the  use  of  the 
term  "idiopathic  pulmonary  fibrosis'"  be  re- 
stricted to  patients  with  usual  interstitial  pneu- 
monia and  that  clinicians  recognize  the  fact  that 
other  idiopathic  interstitial  pneumonias  do  not 
have  the  same  prognostic  effect  traditionally 
ascribed  to  IPF. 

Measurement  of  Pulmonary  Resistance  and 
Dynamic  Compliance  with  Airway  Obstruc- 
tion— Officer  TM,  Pellegrino  R,  Brusasco  V, 
Rodarte  JR.  J  Appl  Physiol  1 998:85(5):  1982. 

We  compared  four  algorithms  by  using  least 
squares  regression  for  determination  of  pulmo- 
nary resistance  and  dynamic  elastance  in  subjects 
with  emphysema,  nonnal  subjects,  and  subjects 
with  a,sthma  before  and  after  bronchix;onsmction. 
The  four  methods  evaluated  include  1 )  a  single 
resistance  and  elastance,  2)  separate  resistances 
and  ela.stances  for  each  half  breath,  3)  separate 
inspiratory  and  expiratory  resistances  with  a  sin- 
gle elastance,  and  4)  separate  inspiratory  and  ex- 
piratory resistances,  an  expiratory  volume  inter- 
action term,  and  a  single  elastance.  All  methods 
gave  comparable  results  in  normal  and  asthmatic 
subjects.  We  found  expiratory  resistance  was 
larger  than  inspiratory  resistance  in  nomial  and 
asthmatic  subjects  during  control  conditions,  but 


148 


Respiratory  Care  •  February  1 999  Vol  44  No  2 


inspiratory  resistance  was  higher  than  expiratory 
resistance  in  subjects  who  experienced  severe 
bronchoconstriction  in  response  to  methacholine. 
In  subjects  who  are  flow  limited,  method  2  gives 
a  higher  inspiratory  resistance  than  would  be  com- 
puted by  assuining  that  the  elastic  pressure-vol- 
ume curve  passes  through  the  zero-flow  points. 
Methtxls  1  and  3  overestimate  dynamic  elastance 
and  inspiratory  resistance.  Method  4  appears  to 
identify  flow  limitation  and  dynamic  hyperinfla- 
tion and  gives  a  good  measure  of  inspiratory  re- 
sistance and  dynamic  elastance. 


Analysis  of  Forced  Expiratory  Maneuvers 
from  Raised  Lung  Volumes  in  Preterm  In- 
fants— Henschen  M,  Stocks  J,  Hoo  AF.  Dixon 
P.  J  AppI  Physiol  1998;85(5):1989. 

During  recent  years  it  has  been  suggested  that 
forced  expiratory  measurements,  derived  from 
a  lung  volume  set  by  a  standardized  inflation 
pressure,  are  more  reproducible  than  those  at- 
tained during  tidal  breathing  when  the  rapid 
thoracoabdominal  compression  technique  is 
u.sed  in  infants.  The  aim  of  this  study  was  to 
evaluate  the  feasibility  of  obtaining  measure- 
ments from  raised  lung  volumes  in  unsedated 
preterm  infants.  Measurements  were  made  in 
18  infants  (gestational  age  26-35  wk,  postnatal 
age  1-10  wk,  test  weight  1.4-3.  5  kg).  Several 
inflations  [1.5-2.5  kPa  (15-25  cm  H,0)]  were 
used  to  briefly  inhibit  respiratory  effort  before 
the  rapid  thoracoabdominal  compression  was 
performed.  Conventional  analysis  of  flows  and 
volumes  at  fixed  times  and  percentages  of  the 
forced  expiration  resulted  in  a  relatively  high 
variability  in  this  population.  However,  by  us- 
ing the  elastic  equilibrium  point  (i.e.,  the  pas- 
sively determined  lung  volume,  derived  from 
passive  expirations  before  the  forced  expira- 
tion) as  a  volume  landmark,  it  was  feasible  to 
achieve  reproducible  results  in  unsedated  pre- 
term infants,  despite  their  strong  respiratory  re- 
flexes and  rapid  respiratory  rates.  Becau.se  this 
approach  is  independent  of  changes  in  expira- 
tory time,  expired  volume,  or  applied  pressures, 
it  may  facilitate  investigation  of  the  effects  of 
growth,  development,  and  disease  on  airway 
function  in  infants,  particularly  during  the  first 
weeks  of  life,  when  conventional  analysis  of 
forced  expirations  may  be  inappropriate. 


Does  Norepinephrine  Modify  the  Effects  of 
Inhaled  Nitric  Oxide  in  Septic  Patients  with 
Acute  Respiratory  Distress  Syndrome? — Pa- 

pazian  L,  Bregeon  F,  Gaillat  F.  Kaphan  E. 
Thirion  X,  Saux  P,  et  al.  Anesthesiology  1998; 
89(5):  1089. 

Hypoxia-related  pulmonary  vasoconstriction 
enhanced  by  norepinephrine  could  be  deleteri- 
ous in  patients  with  the  acute  respiratory  dis- 
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tress  syndrome  (ARDS)  and  sepsis.  A  pro.spec- 
tive  study  compared  the  effects  of  nitric  oxide 
on  cardiorespiratory  parameters,  including  the 
evaluation  of  right  ventricular  function  in  pa- 
tients with  ARDS  and  sepsis  who  were  receiv- 
ing or  not  receiving  norepinephrine.  METH- 
ODS: During  a  15-month  period,  27  patients 
with  ARDS  and  sepsis  were  prospectively  in- 
vestigated (group  1:15  patients  not  receiving 
norepinephrine;  group  2:  12  patients  receiv- 
ing norepinephrine).  Right  ventricular  ejec- 
tion fraction  was  measured  by  thermodilu- 
tion.  After  baseline  measurements,  nitric 
oxide  was  administered  at  increasing  inspira- 
tory concentrations.  RESULTS:  The  ratio  of 
oxygen  tension  in  arterial  blood  to  the  frac- 
tional concentration  of  oxygen  in  inspired  gas 
increased  in  the  two  groups.  After  logarith- 
mic transformation  of  the  data,  an  analysis  of 
variance  was  performed  that  did  not  show 
any  difference  between  the  two  groups.  A 
dose-dependent  decrease  in  mean  pulmonary 
arterial  pressure  was  observed  in  the  two 
groups.  This  decrea.se  and  the  increase  in  right 
ventricular  ejection  fraction  induced  by  in- 
haled nitric  oxide  were  more  marked  when 
patients  received  norepinephrine  (p  < 
0.0001 ).  CONCLUSION:  Norepinephrine  did 
not  influence  the  beneficial  effects  of  inhaled 
nitric  oxide  administered  to  patients  with 
ARDS  and  sepsis  on  oxygenation. 


Cardiovascular  and  Valsalva  Responses  dur- 
ing Parabolic  Flight — Schlegel  TT,  Benavides 
EW,  Barker  DC,  Brown  TE,  Harm  DL,  DeSilva 
SJ,  Low  PA.  J  AppI  Physiol  1998;85(5):1957. 

We  investigated  the  integrated  cardiovascular  re- 
sponses of  15  human  subjects  to  the  acute  grav- 
itational changes  (micro-  and  hypergravity  por- 
tions) of  parabolic  flight.  Measurements  were 
made  with  subjects  quietly  seated  and  while  sub- 
jects performed  controlled  Valsalva  maneuvers. 
During  quiet,  seated,  parabolic  flight,  mean  arte- 
rial pressure  increased  during  the  transition  into 
microgravity  but  decreased  as  microgravity  was 
sustained.  The  decrease  in  mean  arterial  pressure 
was  accompanied  by  immediate  reflexive  in- 
creases in  heart  rate  but  by  ab.sent  (or  later-than- 
expected)  reflexive  increases  in  total  vascular  re- 
sistance. Mean  arterial  pressure  responses  in 
Valsalva  pha.ses  III,  III,  and  IV  were  accentuated 
in  hypergravity  relative  to  microgravity  (p  <  0.01 , 
p  <  0.01,  and  p  <  0.  05,  respectively),  but  ac- 
centuations differed  qualitatively  and  quantita- 
tively from  those  induced  by  a  supine-to-seated 
postural  change  in  1  G.  This  study  is  the  first 
sy.stematic  evaluation  of  temporal  and  Valsalva- 
related  changes  in  cardiovascular  parameters  dur- 
ing parabolic  flight.  Results  suggest  that  arterial 
baroreflex  conttol  of  vascular  resistance  may  be 
modified  by  alterations  of  cardiopulmonary,  ves- 
tibular, and/or  other  receptor  activity. 
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Foreword:  Inhaled  Nitric  Oxide: 
The  1998  Respiratory  Care  Journal  Conference 


Nitric  oxide  is  a  fascinating  molecule.  Our  knowledge 
about  nitric  oxide  traces  back  to  Alfred  Nobel,  the  inventor 
of  dynamite,  the  active  ingredient  of  which,  nitroglycerin, 
is  now  used  medically  as  an  nitric  oxide  donor.  In  1998,  a 
part  of  Nobel's  legacy,  the  Nobel  prize  in  Physiology  and 
Medicine,  was  awarded  to  Furchgott,  Ignarro,  and  Murad 
for  their  discovery  of  the  biologic  action  of  nitric  oxide. 
Therapies  arising  from  our  understanding  of  nitric  oxide 
biology  include  strategies  to  potentiate  nitric  oxide  pro- 
duction (such  as  with  the  popular  drug  sildenafil  [Viagra]), 
for  inhibiting  nitric  oxide  production  (for  instance,  treat- 
ment of  sepsis  with  nitric  oxide  inhibitors),  and  for  ad- 
ministering nitric  oxide  (treatment  of  respiratory  failure 
with  inhaled  nitric  oxide).  In  contribution  to  this  fertile 
field  of  research.  Respiratory  Care  publishes  these  spe- 
cial issues  on  nitric  oxide. 

The  success  of  any  conference  is  the  result  of  the  hard 
work  of  its  participants,  and  the  attendees  at  this  confer- 
ence brought  together  a  great  deal  of  expertise,  as  well  as 
many  new  research  results.  This  conference  may  have  been 
the  most  multidisciplinary  Journal  conference  yet:  the  pre- 
senters included  anesthesiologists,  pulmonologists,  inten- 
sivists,  neonatologists,  and  respiratory  therapists  from  the 
United  States,  Canada,  and  Europe.  Each  of  the  presenters 
has  made  significant  contributions  to  the  study  of  nitric 
oxide.  As  their  published  manuscripts  reflect,  each  pre- 


senter approached  his  topic  rigorously  and  completely. 
The  presentations  were  expert  and  the  discussions  were 
lively  and  informative. 

When  planning  this  conference,  we  tried  to  include  dis- 
cussions of  all  aspects  of  inhaled  nitric  oxide  therapy. 
Included  here  are  discussions  of  the  biologic  basis  for 
nitric  oxide  therapy,  its  applications  in  acute  and  chronic 
lung  diseases  of  adults  and  children,  the  role  of  nitric  oxide 
in  sepsis,  the  use  of  nitric  oxide  in  organ  transplantation, 
and  as  a  drug  affecting  blood  elements.  The  measurement 
of  nitric  oxide  in  exhaled  gas  and  the  administration  of 
nitric  oxide  are  carefully  discussed. 

Although  inhaled  nitric  oxide  remains  an  investigational 
drug,  thousands  of  patients  have  received  inhaled  nitric 
oxide  as  part  of  investigational  protocols.  When  nitric  ox- 
ide becomes  an  approved  therapy,  the  readers  of  Respira- 
tory Care  will  be  expected  to  be  expert  in  its  safe  and 
proper  administration.  To  this  end,  we  present  these  issues 
of  Respiratory  Care  as  a  primer  for  clinicians  who  need 
to  understand  the  current  status  of  inhaled  nitric  oxide 
therapy. 

Dean  R  Hess  PhD  RRT  FAARC 

Conference  Co-Chair 

William  E  Hurford  MD 

Conference  Co-Chair 


American  Respiratory 
Care  Foundation 
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Introduction 

Endothelium  derived  relaxing  factor  (EDRF)  was  iden- 
tified in  1980  by  Furchgott  and  Zawadzki,'  and  subse- 
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quently  identified  as  nitric  oxide  (NO).  Major  discoveries 
and  events  related  to  NO  and  inhaled  nitric  oxide  (INO) 
therapy  are  listed  in  Table  1 .  Our  current  understanding  is 
that  NO  is  a  ubiquitous  substance  that  not  only  plays  a 
major  role  in  vasodilation,  but  is  also  implicated  in  the 
physiology  of  all  organ  systems.  Many  excellent  recent 
review  articles  on  NO  have  been  published.--^'*  This  re- 
view will  emphasize  the  biology  of  NO,  including  its  bio- 
synthesis and  its  biologic  roles  in  health  and  disease. 


University  Medical  Center,  Stanford,  CA  94305-5117.  E-mail: 
rgp@leland.stanford.edu. 
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Table  I.      Major  Events  and  Discoveries  in  NO  Research 


Year 


Event  or  Discovery 


1935 

Drabkin  describes  NO  interactions 

with  hemoglobin 

1980 

EDRF  mediates  endothelial 

relaxation 

1987 

EDRF  is  identified  as  NO 

1988 

NO  used  for  PPH 

1992 

NO  is  "Molecule  of  the  Year"  in 

Science  magazine 

NO  first  used  in  cardiac  surgery 

1993 

Frostell  first  uses  NO  for  ARDS 

Abman  first  uses  INO  with  HFOV 

in  neonates 

NO  first  used  for  heart 

transplantation 

Number  of 
Articles  Published 


26 

50 

59 

682 


1178 


ARDS  =  acute  respiratory  distress  syndrome;  EDRF  -  endothclium-derived  relaxing  factor; 
HFOV  -  high  frequency  oscillatory  ventilation;  NO  -  nitric  oxide;  INO  =  inhaled  nitric 
oxide;  PPH  -  primary  pulmonary  hypertension;  Nuniher  of  Articles  -  general  human  and 
animal  studies  puhlished  in  IZnglish  in  the  listed  year. 


Nitric  Oxide  Production 


TNF-  alpha 


Thrombin /  Ca-calmodulin 

cotnplex 


Serotonin'"'^  \1.5  NAPH 
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ATP 


IFN-  gamma 
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Leukotrienes 
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Fig.  1 .  ErKdogenous  NO  production.  Through  such  factors  as  nor- 
mal sheer  stress  or  endotoxin,  NO  is  produced  from  the  amino 
acid  L-arginine.  Only  picomoles  of  NO  are  produced  under  normal 
conditions,  whereas  nanomoles  of  NO  are  produced  from  iNOS 
stimulation  under  such  conditions  as  sepsis.  Ach  =  acetylcholine; 
ATP  =  adenosine  triphosphate;  cNOS  =  constitutive  nitric  oxide 
synthase;  IFN  =  interferon;  IL  =  interleukin;  iNOS  =  inducible 
nitric  oxide  synthase;  NO  =  nitric  oxide;  nNOS  =  neuronal  nitric 
oxide  synthase;  O2  =  oxygen;  TNF  =  tumor  necrosis  factor. 


NO  is  synthesized  by  an  enzyme,  nitric  oxide  syntliase 
(NOS),  wiiicii  combines  the  amino  acid  L-arginine  with 
molecular  oxygen  to  produce  L-citruUine  and  NO.  There 
are  3  major  isoforms  of  NOS.  Two  of  these  are  termed 
"constitutive"  because  they  are  normally  expressed  in  tis- 
sues, and  the  third  isoform  is  termed  "inducible"  because 
it  is  expressed  only  after  enzyme  induction  has  occurred. 

Constitutive  Nitric  Oxide  Synthase  (cNOS) 

The  2  constitutive  NOS  (cNOS)  enzymes  were  initially 
designated  for  the  first  cell  types  in  which  they  were  found, 
namely  in  endothelial  (eNOS,  or  NOS  III)  and  in  neuronal 
cells  (nNOS,  or  NOS  I).  However,  both  isoforms  are  found 
in  many  other  cell  types,  including  platelets  and  polymor- 
phonuclear leukocytes.  The  cNOS  isoforms  are  normally 
expressed  in  these  cells.  After  binding  of  a  calcium-calm- 
odulin  complex,  cNOS  is  activated  and  small  quantities 
(picomoles)  of  NO  are  produced.  eNOS,  which  mediates 
endothelium-induced  relaxation,  is  normally  active,  sec- 
ondary to  sheer  stress  and  factors  that  stimulate  its  activity 
(Fig.  1).  Dopamine  agonists  such  as  apomorphine  enhance 
NO  synthesis.^ 

Inducible  Nitric  Oxide  Synthase  (iNOS) 

In  contrast  to  cNOS,  iNOS  (NOS  II)  is  normally  not 
expressed  in  cells,  and  its  production  is  stimulated  only 
under  certain  conditions,  such  as  Gram-negative  sepsis 


(see  Fig.  1).  Following  induction,  large  quantities  (nano- 
moles) of  NO  are  produced  in  cardiac  myocytes,  vascular 
smooth  muscle,  fibroblasts,  macrophages,  and  phagocytes, 
leading  to  cardiac  depression,  loss  of  vascular  tone,  and 
macrophage-initiated  bacterial  lysis.  iNOS  activation  is 
independent  of  calcium  concentration,  and  no  calcium- 
calmodulin  complex  forms.  Cytokines  that  induce  iNOS 
also  inhibit  nNOS  and  eNOS  expression.^ 

Inhibition  of  NOS 

L-arginine  analogs  competitively  inhibit  NO  synthesis. 
Such  analogs  include  N'^-monomethyl-L-arginine,  N°-ni- 
tro-L-arginine  methyl  ester,  N°-nitro-L-arginine,  and  N°- 
amino-L-arginine.  These  inhibitors  are  active  against  all  3 
isoforms  of  NOS.  In  contrast,  at  appropriate  doses,  the 
cerebral-specific  7-nitroindazole  inhibits  brain  NOS  in  vivo 
without  blood  pressure  effects,  indicating  no  inhibition  of 
eNOS.^  Drugs  that  decrease  NO  synthesis  include  seroto- 
nin selective  reuptake  inhibitors.'' 

Decreased  activity  of  iNOS  may  occur  either  through 
decreased  iNOS  expression  or  inhibition  of  enzyme  activ- 
ity. Inhibitors  of  iNOS  expression  include  glucocorticoids, 
interleukin  4,  interleukin  10,  macrophage  deactivating  fac- 
tor, prostaglandin  Ej,  isoforms  of  transforming  growth  fac- 
tor-/3,  platelet-derived  growth  factor,  and  epidermal  growth 
factor.**  Since  these  inhibitors  affect  enzyme  expression 
only,  they  are  effective  only  when  given  prior  to  stimuli 
(eg,  endotoxin)  which  initiate  iNOS  expression.  Selective 
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Fig.  2.  cGMP-mediated  NO  interactions  in  the  cell.  After  NO  production,  NO  diffuses  into  tiie  effector  cell.  NO  binds  to  the  iron  moiety  of 
guanylyl  cyclase,  and  then  an  increase  in  cGMP  results  in  a  cascade  of  events  which  cause  an  effect  (eg,  smooth  muscle  vasodilation). 
cGMP  =  cyclic  guanidine  monophosphate;  deoxyHb  =  deoxyhemoglobin;  Fe  =  iron;  cGTP  =  cyclic  guanidine  triphosphate;  MetHb  = 
methemoglobin;  NO  =  nitric  oxide;  NO3    =  nitrate;  NTG  =  nitroglycerin;  OxyHb  =  oxyhemoglobin;  SNP  =  sodium  nitroprusside. 


inhibitors  of  iNOS  enzyme  activity  (which  are  effective 
after  enzyme  synthesis)  include  aminoguanidines,  amino- 
ethyl-isothiourea,  S-methyl-isothioureas,  amides,  other  iso- 
thioureas  and  guanidine  inhibitors.^  Mercaptoalkyl  guani- 
dines  act  as  iNOS  inhibitors,  or  as  combined  iNOS  and 
cyclooxygenase  inhibitors.'"  Mercaptoethylguanidine  is  a 
combined  inhibitor  of  both  iNOS  and  peroxynitrite  (formed 
by  reaction  of  NO  and  superoxide). 

Mechanism  of  Action  of  NO 

The  NO  molecule  is  an  uncharged  free  radical  with  an 
unpaired  electron  (N0»).  It  is  lipid  soluble  and  rapidly 
diffuses  across  cell  membranes  to  react  with  other  biologic 
compounds.  Most  of  the  physiologic  effects  of  NO  result 
from  its  binding  to  the  iron  moiety  of  the  heme  portion  of 
the  enzyme  guanylyl  cyclase.  This  activates  guanylyl  cy- 
clase, which  then  converts  cyclic  guanidine  triphosphate  to 
cyclic  guanidine  monophosphate  (cGMP).  Through  a  se- 
ries of  actions  involving  protein  kinase  activation  and  de- 
phosphorylation  of  myosin  light  chains,  the  net  effect  (eg, 
vasodilation)  then  occurs  (Fig.  2).  Many  of  the  effects  of 
increased  cGMP  are  due  to  cGMP-inhibition  of  cyclic  aden- 
osine monophosphate  phosphodiesterase  (type  III  phos- 
phodiesterase). NO  also  reacts  with  the  iron-sulfur  centers 
of  many  enzymes,  resulting  in  alterations  of  their  activity. 
The  cytotoxic  effects  of  NO  involve  inhibition  of  mito- 
chondrial enzymes,  decreased  aerobic  metabolism,  inhibi- 
tion of  ribonucleic  acid  (RNA)  replication,  and  damage  to 
deoxyribonucleic  acid  (DNA).  NO  results  in  activation  of 


cyclooxygenase  in  macrophages  and  alterations  in  second 
messenger  systems  and  ligand-gated  ion  channels. 

Non-cGMP-mediated  Reactions 

The  half-life  of  NO  varies  inversely  with  its  concentra- 
tion, such  that  the  physiologic  half-life  can  be  0.1-5  sec- 
onds or  longer."  NO  is  a  reactive  molecule  that  combines 
with  many  other  substances,  resulting  in  multiple  possible 
end-products  (Fig.  3).  In  gas  phase,  NO  combines  with 
oxygen  to  form  nitrogen  dioxide  (NO2)  in  the  following 
reaction: 

2  [NO]  +  [O2]  -^  [NO.] 

The  NO  concentration  is  disproportionally  important  in 
determining  NOj  formation.  NOj  forms  when  NO  is 
blended  with  O2  for  delivery  to  patients.  Delivery  of  higher 
oxides  of  nitrogen  may  lead  to  pulmonary  edema,  acid 
pneumonitis,  and  death.'-  In  water,  NO  combines  with 
oxygen  to  produce  nitrogen  dioxide  (NO,),  which  then 
combines  with  NO  to  produce  nitrite.  The  half-life  of  NO 
in  aqueous  solutions  is  inversely  related  to  the  oxygen  and 
NO  concentrations.  However,  under  physiologic  condi- 
tions the  major  pathway  for  NO  metabolism  is  its  combi- 
nation with  superoxide  anion  (Oj'),  which  produces  per- 
oxynitrite. Peroxynitrite  damages  cells  by  oxidation  of  DNA 
bases"  and  reaction  with  metalloproteins  to  form  toxic 
nitrosylating  species  such  as  nitronium  ion  (NOj^).'"  Per- 
oxynitrite may  nitrosylate  and  thereby  activate  or  inacti- 
vate major  enzymes.  Hemoglobin  inactivates  NO.  Drabkin 
described  interactions  of  NO  and  the  hemoglobin  mole- 
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Fig.  3.  Non-cGMP-mediated  effects  of  NO.  In  addition  to  reactions  with  the  iron  group  of  guanylyl  cyclase,  NO  has  biologic  reactions  with 
proteins,  oxygen,  superoxide  anion,  and  with  sulfur  groups.  cGMP  =  cyclic  guanidine  monophosphate;  Fe  =  iron;  NO  =  nitric  oxide;  Oj  = 
oxygen;  02^  =  superoxide  anion;  NO2  =  nitrogen  dioxide;  S  =  sulfur;  ONOO"  =  peroxynitrite;  N2  =  nitrogen  gas. 


cule  in  1935. '^  NO  combines  witii  iiemoglobin  to  form 
S-nitrosyl-hemoglobin,  which  subsequently  produces  met- 
hemoglobin  and  nitrate  (NOj").  The  physiologic  half-life 
of  NO  will  depend  upon  the  concentration  of  NO,  oxygen, 
superoxide,  proteins,  and  the  accessibility  to  hemoglobin. 

NO  Donors 

Commonly  used  NO  donors  include  nitroglycerin,  so- 
dium nitroprusside  (SNP),  and  hydralazine.  Nitroglycerin 
requires  a  thiol  for  nitrosothiol  production  and  releases 
NO  from  vascular  cells,  whereas  SNP  directly  releases 
NO.'*  Nitrogenated  reservoirs  of  NO  include  sulfhydryl 
radicals  such  as  S-nitrosoalbumins  and  S-nitrosohemoglo- 
bins.  S-nitrosoglutathione  (GSNO)  and  S-nitroso-N- 
acetylpenicillamine  (SNAP)  serve  as  donors.  More  recently 
discovered  NO  donors  include  FK409,  FR 146801,'''  pseudo- 
nitroles,  and  their  dimeric  azodioxides.'* 

NO  Adjuncts 

Other  intravenous  or  inhaled  agents  may  provide  addi- 
tional vasodilator  effects  when  used  in  combination  with 
NO.  The  effects  of  NO  are  additive  or  synergistic  to  those 
of  agents  that  increase  cyclic  adenosine  monophosphate, 
such  as  isoproterenol,  adenosine,  and  prostacyclin.  Inhaled 
prostaglandin  E,,  a  vasodilator  extensively  cleared  by  the 
lungs,  may  improve  oxygenation  in  patients  with  acute 


lung  injury."  Zaprinast  (an  inhibitor  of  type  5  phospho- 
diesterase, which  is  specific  for  cGMP),  increases  the  ef- 
fects of  NO. 

The  Physiologic  Role  of  NO 

After  discussing  the  normal  role  of  endogenous  NO,  the 
pathophysiology  of  altered  NO  states  will  be  discussed,  as 
well  as  the  use  of  INO  when  applicable.  Studies  examining 
the  role  of  NO  in  a  specific  organ  often  yield  contradictory 
results  because  of  the  multiple  cell  types  present  in  a  sin- 
gle organ,  the  different  NOS  isoforms,  differences  among 
NOS  inhibitors,  actions  of  NO  on  both  local  cells  and  on 
organ  blood  flow,  and  the  presence  of  both  physiologic 
and  toxic  (eg,  peroxynitrite)  effects  of  NO.  Related  topics 
include  the  delivery  and  monitoring  of  INO,  and  the  use  of 
INO  for  acute  respiratory  distress  syndrome,  primary  pul- 
monary hypertension,  cardiac  and  lung  surgery,  and  organ 
transplantation. 

Exhaled  NO 

NO  is  present  in  exhaled  gas  at  various  concentrations 
in  various  species.  Lundberg  et  aP"  reported  that  in  hu- 
mans paranasal  sinus  production  of  NO  ranges  from  890 
parts  per  billion  to  300  parts  per  million.  Single-breath- 
exhaled  NO  is  a  valid  measure  of  tracheal  or  bronchus 
N0.2'  Healthy  subjects  have  approximately  the  same  ex- 
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haled  NO  levels  as  asthmatics  treated  with  inhaled  corti- 
costeroids. Lower  levels  of  exhaled  NO  occur  in  smokers, 
and  intubated  patients  may  have  little  or  no  exhaled  NO.^- 

Gender  Differences 

Estrogen  stimulates  NO  production, ^'^  and  acetylcholine 
infusion  releases  more  NO  in  females  than  in  males.  In 
humans,  vasodilation  caused  by  estrogen  is  mediated 
through  NO,  possibly  mediating  cardioprotective  effects.-'' 
During  pregnancy,  further  increases  in  NO  production--'' 
may  maintain  quiescence  of  the  uterus. 2*  In  post-meno- 
pausal  women,  exogenous  estradiol  therapy  results  in  higher 
plasma  NO  levels."  Altered  NO  states  occur  in  women 
with  polycystic  ovaries,-**  endometriosis,  adenomyosis,^^ 
and  preeclampsia.'"'  In  the  obstetric  emergency  of  retained 
placenta,  nitroglycerin  relaxes  the  uterus. 

Endothelium 

Furchgott  and  Zawadzki'  discovered  EDRF  as  a  com- 
pound synthesized  by  endothelial  cells  and  that  produces 
vasodilation  of  adjacent  vascular  smooth  muscle.  EDRF 
was  later  identified  as  NO  or  a  nitrosothiol  that  resulted  in 
release  of  NO.  The  preferential  venodilation  caused  by 
organic  nitrates  such  as  nitroglycerin  may  be  secondary  to 
the  relatively  lower  concentrations  of  endogenous  NO  in 
veins  versus  arteries. ■'" 

Deficiency  of  endothelial  eNOS  is  implicated  in  causing 
essential  hypertension,  although  this  eNOS  deficiency 
might  not  occur  universally,-^--*^  and  might  actually  be  a 
consequence  rather  than  a  cause  of  hypertension.''"'  The 
incidence  of  essential  hypertension  and  its  complications 
is  significantly  greater  in  blacks  than  in  whites.  Blacks 
may  have  a  reduced  NO-dependent  ability  to  vasodilate 
during  mental  stress,"  leading  to  a  decreased  sensitivity  of 
NO-dependent  smooth  muscle  vasodilation.  Decreased 
eNOS  occurs  in  human  atherosclerosis.'''  Knock-out  mice 
which  lack  the  gene  for  eNOS  are  hypertensive.  Endothe- 
lial dysfunction  with  decreased  NO  release  is  present  in 
hypertension,  atherosclerosis,  diabetes  mellitus,  and  smok- 
ers. Increasing  NO  levels  with  dietary  supplementation 
with  L-arginine,  increasing  NO  release  with  angiotensin 
converting  enzyme  inhibitors,  and  decreasing  NO  metab- 
olism with  antioxidants  all  protect  against  the  develop- 
ment of  atherosclerosis  in  laboratory  animals. 

The  Heart 

eNOS  is  present  in  endocardial  and  coronary  vessel  en- 
dothelium. Its  effects  include: 

•  Coronary  metabolic  vasodilation 

•  Mediates  coronary  vasodilation  caused  by  adenosine 

•  Cardiac  contraction 


•  Coronary  vasodilation  after  cardiac  pacing 

•  Chronotropy 

•  Mediates  thrombosis  and  platelet  adhesion. 

iNOS  is  implicated  in  causing  the  cytokine-induced  myo- 
cardial depression  of  septic  shock.  Perioperative  hypo- 
magnesemia  may  inhibit  NO  release  from  the  coronary 
endothelium  after  cardiac  surgery,  leading  to  coronary  va- 
soconstriction and  thrombosis.''^ 

It  is  controversial  as  to  whether  heart  failure  causes 
increased,'"*'''  decreased,''"'"  or  unchanged"-  NO  release 
from  systemic  and  pulmonary  vessels.  INO  might  facili- 
tate cardiac  surgery  and  ventricular  assist  device  place- 
ment. 

Platelets 

In  the  resting  phase,  no  platelet  NO  synthesis  is  detect- 
able. NOS  is  activated  during  platelet  aggregation."'  Since 
platelets  contain  no  DNA  and  have  only  residual  RNA, 
proteins  are  derived  from  the  circulation  or  by  transfer 
from  megakaryocytes."''  Human  megakaryoblastic  cells 
contain  cNOS  and  can  express  iNOS  after  being  stimu- 
lated with  interleukin-1-p  and  tumor  necrosis  factor-a 
(TNF-a).  Alterations  in  endogenous  platelet  NO  affect 
several  disease  states: 

•  Arteriosclerosis 

•  Thrombotic  disease 

•  Tumor  metastasis 

•  Cytokine-induced  endotoxic  shock    * 

•  Uremia 

•  Diabetes  mellitus. 

In  these  diseases,  endothelial  NO  production  is  inhibited, 
and  platelet  dysfunction  and  platelet-derived  growth  factor 
may  cause  plaque  and  thrombosis  formation.  Not  only  is  in 
vitro  platelet  aggregation  inhibited  by  NO,  NO  may  also 
disaggregate  formed  platelet  aggregates."-'' 

The  anti-anginal  effect  of  isosorbide  decreases  platelet 
activity  in  patients  with  coronary  artery  disease."''  Platelet 
function  may  be  affected  by  INO,  leading  to  decrea.sed 
thrombi."^  Other  NO  donors  such  as  SIN-1  and  SNP  are 
able  to  stimulate  fibrinolysis."^ 

Cancer 

Platelets  aggregate  with  tumor  cells,  facilitating  vascu- 
lar endothelial  adhesion  of  the  complex."'^  Tumor  cells 
with  high  NOS  activity  have  a  decreased  ability  to  form 
metastases  by  way  of  a  platelet  aggregation  mechanism.-'"' 
NO  may  mediate  tumor  angiogenesis,  and  may  maintain  or 
increase  tumor  blood  flow.'''  Animal  studies  show  that 
iNOS  upregulation  inhibits  metastases.''^ 
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Blood  Cells 

The  red  blood  cell  inactivates  NO  by  forming  S-nitroso- 
hemoglobin,  which  releases  its  NO  group  upon  deoxygen- 
ation,  and  has  anti-platelet  effects  through  a  cGMP-inde- 
pendent  mechanism.  Small  vessels  may  thus  maintain 
anti-platelet  function,  and  erythrocytes  may  diminish  the 
otherwise  proaggregatory  results  of  oxidative  stress.-^'' 

The  Lung 

Animals  show  a  progression  of  eNOS  expression  in  the 
fetal  lung  during  late  gestation. ^^  Human  airway  epithe- 
lium expresses  all  3  NOS  isoforms.  There  are  regional 
differences  in  eNOS  production  in  the  vascular  endothe- 
lium,-'''' and  nNOS  is  present  in  nonadrenergic,  noncholin- 
ergic  nerves.  iNOS  also  occurs  in  alveolar  macrophages, 
vascular  endothelium,  and  vascular  smooth  muscle. ""^ 

Higenbottam-''''  described  changes  in  the  muscular  pul- 
monary arteries  that  distribute  pulmonary  blood  flow  and 
respond  to  hypoxemia  by  diverting  blood  flow  from  un- 
derventilated  lung  regions.  Alterations  in  pulmonary  eNOS 
may  therefore  potentiate  hypoxic  pulmonary  vasoconstric- 
tion in  matching  ventilation  and  perfusion. 

In  animal  models,  decreased  eNOS  expression  contrib- 
utes to  hypoxic  pulmonary  hypertension,''''  congenital  di- 
aphragmatic hernia,'^**  and  pulmonary  hypertension  due  to 
ductus  arteriosis  ligation.^'*  Hypoxia  reduces  NO  produc- 
tion in  vitro,  as  well  as  in  vivo,  leading  to  decreased  ex- 
haled NO  concentrations.'^'^  In  animals,  NOS  inhibition 
increases  baseline  pulmonary  vascular  tone  only  in  certain 
species,  suggesting  that  the  contribution  of  NO  to  the  low 
resting  pulmonary  vascular  tone  is  species-dependent.'*^  In 
all  species.  NOS  inhibition  increases  the  response  to  pul- 
monary hypertensive  stimuli,  suggesting  that  NO  opposes 
pulmonary  hypertension  in  all  species. 

Increased  exhaled  NO  can  be  a  means  to  assess  inflam- 
mation and  the  severity  of  asthma.''"  Patients  with  acute 
respiratory  distress  syndrome  have  lower  concentrations 
of  exhaled  NO  than  other  mechanically  ventilated  pa- 
tients.^' Additionally,  exhaled  NO  levels  are  higher  in  pa- 
tients with  unstable  chronic  obstructive  pulmonary  disease 
than  in  patients  with  chronic  obstructive  pulmonary  dis- 
ease who  are  receiving  inhaled  steroids,  or  smokers  with 
chronic  bronchitis  without  air  flow  limitation. " 

Patients  with  pulmonary  hypertension  have  a  normal 
basal  release  of  NO.-'''  Peak  expiratory  NO  levels  are  ele- 
vated in  patients  with  bronchiectasis,'''  upper  respiratory 
infections,  and  in  asthmatic  patients  not  receiving  cortico- 
steroids. Altered  NO  production  occurs  in  hypoxic  lung 
disease,''^  during  heart-lung  transplantation,'''^  in  inflam- 
matory lung  disease,^  and  in  cystic  fibrosis. 

Although  NOS  activity  is  increased  in  lung  tissue  of 
patients  with  cystic  fibrosis,  nasal  and  exhaled  NO  are 


decreased.  Sputum  NO  metabolites  correlate  with  lung 
function  in  these  patients,  suggesting  that  a  smaller  amount 
of  airway  NO  is  formed,  or  that  the  metabolism  or  reten- 
tion of  NO  occurs  in  airway  secretions.''^ 

INO  is  used  in  a  variety  of  pulmonary  diseases,  includ- 
ing acute  respiratory  distress  syndrome,  primary  pulmo- 
nary hypertension,  and  lung  transplantation.  No  abnormal- 
ities were  found  at  follow-up  in  acute  respiratory  distress 
syndrome  patients  who  had  received  INO.''** 

Sepsis 

Endotoxemia  and  sepsis  lead  to  iNOS  stimulation.  Only 
2  compounds  are  able,  by  themselves,  to  stimulate  iNOS: 
lipopolysaccharide  (LPS)  and  interferon  (IFN)-^.  Lipo- 
polysaccharide  is  particularly  important  in  this  process,  as 
it  further  initiates  macrophage-induced  TNF-a,  IFN-a,  and 
IFN-/3  production.  This  stimulates  a  direct  pathway  of 
iNOS  stimulation  involving  IFN  regulatory  factor  1,  ty- 
rosine kinases,  and  nuclear  factor  k  B.  Other  agents,  such 
as  cytokines  and  microbial  compounds,  act  together  to 
induce  iNOS."' 

L-arginine  inhibitors  blunt  the  myocardial  depressant 
effects  of  iNOS,  and  beneficial  effects  may  include  im- 
proved perfusion  pressure,  responsiveness  to  exogenous 
catecholamines,  and  improved  cardiac  output.  Unfortu- 
nately, adverse  effects  include  increased  systemic  vascular 
resistance,  increased  pulmonary  artery  pressure,  decreased 
cardiac  output,  and  platelet  accumulation. 

L-arginine  inhibitors  used  to  date  do  not  change  mor- 
tality.™ The  nonselective  stimulation  of  both  eNOS  and 
iNOS  cause  adverse  effects.  In  laboratory  animals,  L- 
canavanine  (an  iNOS-selective  inhibitor)  increases  sur- 
vival. It  is  unknown  whether  selective  iNOS  inhibition 
will  change  mortality  though,  because  even  iNOS  knock- 
out mice  have  no  change  in  mortality  with  sepsis.^" 

Inflammation  and  Infection 

NO  has  both  pro-inflammatory  and  anti-inflammatory 
roles.  Macrophages  release  NO  gas,  killing  pathogenic  mi- 
croorganisms in  the  area.  NO  also  increases  TNF  and  in- 
terleukin  8  production  and  activates  cyclooxygenase,  which 
results  in  formation  of  prostaglandins.  NO  decreases  cy- 
tokine production  and  the  oxidants  produced  by  neutro- 
phils.^i 

Central  Nervous  System 

The  role  of  NO  in  the  central  nervous  system  may  be 
protective  or  cytotoxic,  depending  on  the  NO  concentra- 
tion, effects  on  cerebral  blood  flow,  and  on  the  ratio  of  NO 
to  prostanoids.''"  Cerebral  blood  flow  is  controlled  by  basal 
NO  release^'  NO  mediates  changes  in  cerebral  blood  flow 
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in  response  to  altered  arterial  carbon  dioxide  tension.  NO 
may  act  as  a  cerebellar  presynaptic  neurotransmitter,  aid- 
ing Purkinje  cells  as  a  "retrograde  neurotransmitter,"  com- 
municating from  the  postsynaptic  neuron  to  the  presynap- 
tic site.  This  may  potentiate  memory  formation  or  assist 
with  neuronal  plasticity  (allowing  synapses  to  attain  a  new 
function). '"* 

In  vitro  studies  on  cultured  cortical  neurons  show  that 
increased  NO  concentrations  cause  neuronal  death,  and 
NOS  inhibition  prevents  the  glutamate-induced  neuronal 
death  implicated  in  stroke. ''^  Increased  nNOS  production 
occurs  during  ischemia  and  stroke,^*  and  nNOS  inhibition 
may  effectively  treat  stroke.'''' 

Increased  basal  NO  levels  may  occur  with  chronic  ce- 
rebral vascular  disease,  and  dysfunctional  endothelial  NO 
synthesis  is  seen  in  patients  with  ischemic  attacks  and 
stroke.^''  Human  brain  tumor  biopsies  show  that  eNOS 
expression  decreases  away  from  the  tumor,  and  that  gli- 
oma and  meningioma  express  all  3  NOS  isoforms.^^  In 
humans,  NO  may  therefore  be  produced  in  tumor  cells  and 
surrounding  vessels,  contributing  to  peritumoral  edema. 

Increased  oxidative  damage  from  peroxynitrite  formed 
from  NO  and  superoxide  anion  is  implicated  in  sporadic 
and  familial  amyotrophic  lateral  sclerosis  (ALS),'"  and  in 
other  neurodegenerative  disorders,  such  as  Huntington's 
disease  and  Alzheimer's  disease. '^o  Animal  studies  show 
that  hyperoxia-induced  seizures  are  NO-mediated.**' 

NO  increases  the  minimum  alveolar  concentration  for 
general  anesthetics.  Halothane  and  isoflurane  inhibit  en- 
dothelial eNOS,  but  not  iNOS.*^  nqS  inhibition  decreases 
minimum  alveolar  concentration  for  halothane.  The  nNOS- 
specific  inhibitor  7-nitroindazole  decreases  minimum  al- 
veolar concentration  without  causing  systemic  hypoten- 
sion.'*'' 

NO  modulates  opiate  effects  and  pain,  with  intravenous 
opiates  leading  to  NO  production.**'*  After  prolonged  nox- 
ious stimuli,  spinal  NO  results  in  hyperalgesia  and  allo- 
dynia.  Spinal  nNOS  is  activated  by  cholinergic  stimula- 
tion, causing  antinociception.**^  NOS  inhibition  prevents 
spinal  sensitization  after  formalin  injection  in  the  rat.^* 

Renal 

Endogenous  NOS  assists  in  human  adaptation  to  in- 
creased dietary  sodium,  affecting  renal  glomerular  filtra- 
tion rate,  plasma  flow,  sodium  excretion,  systemic  hemo- 
dynamics, and  renin  secretion.**^  NO  may  also  modulate 
renal  perfusion  pressure  and  sodium  excretion  by  trans- 
mitting the  renal  pressure  into  the  interstitium.****  NO  inhi- 
bition with  N*^-monomethyl-L-arginine  causes  renal  vaso- 
constriction, decreases  GFR,  and  increases  filtration 
fraction  and  sodium  reabsorption.  An  increase  in  endoge- 
nous NO  has  been  implicated  in  causing  hypotension  dur- 
ing hemodialysis.'*' 


Skeletal  Muscle 

The  sarcolemma  of  muscle  fibers  is  associated  with 
nNOS,  and  eNOS  occurs  in  mitochondria.  Basal  NO  re- 
lease in  isolated  skeletal  muscle  occurs  at  a  low  rate;  dur- 
ing exercise,  production  increases.  Actions  of  NO  include 
vasodilation  and  altered  muscle  metabolism,  involving  mi- 
tochondrial oxygen  consumption  and  creatine  kinase  ac- 
tivity. NO  inhibits  the  force  of  contraction  through  alter- 
ations in  excitation-contraction.'"  In  patients  with  crush 
syndrome,  increased  NO  or  decreased  NO  excretion  oc- 
cur." In  patients  with  multiple  sclerosis,  increased  NO 
metabolites  (nitrate  and  nitrite)  occur  in  cerebrospinal  fluid 
and  serum.'^ 

Penis 

Erection  is  caused  by  cNOS  production  from  nonadren- 
ergic  noncholinergic  nerve  terminals,  penile  blood  vessel 
endothelium,  and  the  smooth  muscle  of  the  corpus  caver- 
nosus.  Sildenafil,  which  inhibits  cGMP-specific  phospho- 
diesterase-5,  potentiates  NO  production,  leading  to  caver- 
nosal  smooth  muscle  relaxation  during  sexual  stimulation. '"' 
With  aging,  erectile  dysfunction  occurs.  Animal  studies 
indicate  that  eNOS  upregulation  and  altered  calcium  con- 
centrations occur.'"  In  isolated  human  corporeal  muscle 
strips,  digoxin-induced  erectile  dysfunction  may  be  sec- 
ondary to  sodium  pump  dysfunction  leading  to  contrac- 
tion, therefore  precluding  NO-induced  relaxation.  As  such, 
digoxin  may  treat  recurrent  priapism. '^ 


Eye 


In  vitro,  nitric  oxide  depresses  retinal  gamma-aminobu- 
tyric  acid  receptor  function.'*  In  diabetes,  eNOS  expres- 
sion is  inhibited  in  retinal  endothelial  cells  in  vitro.''' 

Gastroenterology 

NO  regulates  esophageal  motility  and  modulates  the 
hepatic  and  mesenteric  circulations.  The  timing  of  post- 
swallowing  esophageal  propulsion  is  NO-dependent,  af- 
fecting the  latency  period  between  the  swallow  and  muscle 
contraction.  Diffuse  esophageal  spasm  may  be  relieved 
with  the  use  of  the  NO  donor  nitroglycerin."* 

cNOS  production  is  increased  in  cirrhotic  ascites,"  and 
has  been  implicated  in  impairing  arterial  oxygenation'™  in 
those  patients.  In  cirrhotic  patients  given  L-arginine  infu- 
sion, the  hepatic  and  mesenteric  vessels  are  preferentially 
vasodilated,  suggesting  increased  NO  production  in  these 
areas.""  Elevated  NO  levels  in  ascites  occur  in  cirrhotic 
patients  with  severe  liver  dysfunction,  and  may  predict 
mortality. '"2 
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Animal  studies  show  that  NO  mediates  acetaminophen- 
induced  hepatotoxicity '"''  and  that  iNOS  may  be  respon- 
sible for  inflammatory  cascades  that  later  result  in  acute 
organ  damage  to  the  intestine  and  liver  in  hemorrhagic 
shock. '0^  Hypoxemia  can  be  alleviated  with  the  use  of 
INO  for  congenital  diaphragmatic  hernia,  or  hepatopulmo- 
nary  syndrome.'"^ 

Stroma-Free  Hemoglobin 

The  development  of  stroma-free  hemoglobin  solutions 
as  an  alternative  to  blood  transfusion  has  been  limited  by 
inactivation  of  endogenous  NO  by  its  binding  to  hemo- 
globin. Adverse  effects  include  increased  blood  pressure 
and  pulmonary  hypertension  with  increased  systemic  and 
pulmonary  vascular  resistance.'"*  Polymerization  of  the 
hemoglobin  molecules  may  limit  the  effects  by  decreasing 
the  penetration  of  the  hemoglobin  into  tissues.  In  animal 
studies,  a-diaspirin  crosslinked  hemoglobin  decreases  isch- 
emic brain  injury,  possibly  by  binding  NO."^''  Low  doses 
of  stroma-free  hemoglobin  can  improve  blood  pressure  in 
endotoxic  shock. 

INO  Rebound  Phenomenon 

Acute  withdrawal  of  INO  may  lead  to  profound  hypox- 
emia, acute  pulmonary  hypertension,  and  hemodynamic 
instability. '0^'°'  The  etiology  of  this  syndrome  may  in- 
clude downregulation  of  endogenous  NO  production,"" 
decreased  NO  sensitivity,  '"or  increased  endothelin- 1 .  Pre- 
vention and  reversal  of  hypoxia-induced  pulmonary  hy- 
pertension has  been  shown  to  occur  with  endothelin^-se- 
lective  antagonists.  "- 

Summary 

Endogenous  NO  directly  or  indirectly  mediates  many 
primary  physiologic  functions.  NO  is  a  double-edged 
sword,  sometimes  serving  to  help,  and  sometimes  causing 
harm.  NO  has  both  physiologic  and  toxic  effects,  and  is 
produced  by  and  acts  upon  multiple  cell  types  in  each 
organ  system.  A  more  complete  understanding  of  the  com- 
plex effects  of  NO  in  health  and  disease  is  required  for  the 
development  of  effective  therapies. 
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Discussion 

Rich:  That  was  a  great  talk  and  I 
enjoyed  that  a  lot.  You  talked  a  little 
bit  about  inactivation  of  INO,  and  you 
also  talked  quite  a  bit  about  systemic 
effects  of  endogenous  NO.  I'm  just 
curious;  other  than  maybe  effects  on 
neutrophils  and  platelets,  what  are  your 
thoughts  about  systemic  effects  of 
INO,  or  are  there  any  significant  ef- 
fects? 

Pearl:  I  think  we  probably  have  ex- 
perts here  using  it,  and,  certainly,  peo- 
ple are  now  talking  about  it.  Some  of 
the  systemic  effects  being  discussed 
are  related  to  NO  having  effects  on 
cells  as  they  pass  through  the  lung. 
The  platelets  and  the  neutrophils,  as 
they  pass  through,  will  pick  up  NO, 
and  thus  NO  increases  cyclic  GMP  in 
those  cells.  Even  if  they  don't  have 
NO  once  they  leave  the  lung,  they  may 
have  their  physiology  altered.  Alter- 
natively, INO  may  produce  systemic 
effects  by  binding  to  hemoglobin,  be- 
ing carried  to  the  periphery,  and  re- 
leased at  the  periphery.  Effects  that 
people  have  seen  include  anti-athero- 
genic  effects  in  patients  after  carotid 
angioplasty,  decreased  myocardial 
ischemia,  and  effects  on  sickle  cells. 


and  these  have  all  been  well  described. 
We  know  that  INO  can  affect  renal 
blood  flow  and  platelet  function,  and 
prolong  bleeding  time.  I  think  there 
are  people  in  the  audience  who  want 
to  comment  on  systemic  effects  of  INO 
since  Boston  is  a  major  place  for  this. 

Head:  I  think  we're  still  trying  to 
figure  out  Dr  Stamler's  work,  pub- 
lished in  Nature, '  on  whether  NO  is 
carried  on  the  hemoglobin  at  the  beta 
cys-93  protein  site,  or  whether  it's  car- 
ried by  the  heme.  I  noticed  in  the  slide, 
which  is  the  way  we  typically  think 
about  NO,  as  producing  nitrosyl-he- 
moglobin  and  then  methemoglobin.  In 
fact,  that  may  not  be  the  case.  NO  can 
directly  oxidize  the  heme  and  imme- 
diately form  methemoglobin.  It's 
thought  that  in  the  de-oxy  state,  NO  is 
carried  on  the  beta  cys-93  site.  This  is 
early  work  and  so  there's  a  lot  we 
don't  know.  However,  I  believe,  based 
on  our  work,  that  hemoglobin  is  truly 
carrying  NO  to  distant  sites. ~  Interest- 
ingly, there's  an  abnormal  hemoglo- 
bin called  hemoglobin  H,  which  has  4 
beta  subunits,  as  opposed  to  2  alpha 
and  2  beta,  and  all  of  those  patients 
have  hypertension.  As  it  turns  out,  NO 
stays  extremely  tightly  bound  to  that 
type  of  hemoglobin,  so  the  suggestion 


is  that  because  it  can't  release  NO  in 
the  microvasculature,  this  may  be  the 
etiology  of  their  hypertension.^  So,  a 
lot  of  work  that  needs  to  be  done. 
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Stewart:  I  enjoyed  your  talk.  It's 
amazing  to  see  how  complex  the  bi- 
ology of  NO  is.  In  fact,  this  complex- 
ity is  somewhat  worrisome.  At  times 
it  seems  to  me  that  we've  rushed  to 
the  bedside  with  things  that  affect  the 
biology  of  NO,  and  we  really  don't 
know  enough  about  NO.  Clinicians 
have  tried  INO  and  we're  getting  into 
NO  blockers,  possibly  before  we  re- 
ally understand  them.  What  are  your 
comments? 
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Pearl:  I  think  I  agree  with  you  that 
ideally  what  one  would  do  is  to  de- 
velop much  more  basic  knowledge, 
then  slowly  move  to  animal  studies 
and  refine  your  basic  knowledge  of 
how  NO  affects  things  before  you  ever 
would  get  to  talking  about  treatment 
of  clinical  problems.  But  I  don't  think 
that's  the  way  science  and  medicine  is 
really  done  nowadays.  There's  a  great 
rush  to  try  to  translate  some  of  the 
new  understanding  into  clinical  care. 
At  Stanford,  we  have  cardiologists 
who  are  taking  arginine  religiously, 
because  they  are  very  convinced  that 
it  will  decrease  arteriosclerosis  and  im- 
prove the  long-term  life  expectancy.  I 
don't  think  we  really  understand 
enough  to  be  able  to  start  doing  those 
things.  Similarly,  I  think  as  we're  now 
re-evaluating  INO  for  ARDS,  we're 
again  beginning  to  recognize  how 
complex  the  situation  is.  The  initial 
rush  of  enthusiasm  to  try  to  use  NO 
manipulations  therapeutically  almost 
undoubtedly  is  going  to  have  some 
major  setbacks,  because  we're  taking 
too  simplistic  an  approach.  My  hope 
is  that  we  won't  abandon  it;  instead, 
what  we'll  do  is  go  back  and  find  more 
selective  ways  of  applying  NO.  I  think 
in  particular  what  we'll  need  to  do  is 
to  find  out  more  about  the  individual 
situation  and  have  better  patient  strat- 
ification for  its  use. 

Stewart:  I  echo  your  concern,  es- 
pecially with  INO.  I  can't  tell  you  how 
many  people  are  saying  to  me  now 
"See,  it  doesn't  work,"  before  we  re- 
ally understand  who  to  give  it  to,  how 
much  to  give,  and  what  are  the  com- 
plications. Another  example  is  Viagra. 
It  has  been  rushed  to  the  market,  and 
now  we're  starting  to  see  that  some 
people  are  dying  on  Viagra! 

Gerlach:  Coming  back  to  the  sys- 
temic effects  of  NO,  it's  even  dis- 
cussed that  the  pulmonary  effects  of 
INO  are  systemic,  because  there  are 
some  papers  showing  that  if  you  in- 
hale NO  and  the  vascular  resistance  is 
going  down,  it  cannot  be  on  the  level 


where  it's  inhaled,  because  the  ves- 
sels of  the  alveoli  do  not  contain  any 
smooth  muscles.'  It  has  been  shown 
that  the  main  effect  of  lowering  the 
vascular  resistance  is  on  the  pre-alve- 
olar  area,  which  means  that  it  must 
have  gone  at  least  one  circle.'  Fur- 
thermore, the  pulmonary  smooth  mus- 
cle cells  are  very,  very  sensitive  to 
NO,  much  more  than  the  systemic 
ones,  and  this  might  be  the  reason  why 
you  see  a  pulmonary  effect  if  you  in- 
hale NO,  and  not  that  you  inhale  it 
locally  in  the  lung. 
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Pearl:  I'm  not  sure  I  completely 
agree  with  that.  NO  is  highly  diffus- 
able,  and  it  is  able  to  diffuse  through 
the  cells  to  get  to  the  precapillary  ar- 
teriolar vessels.  And  so,  in  perfused 
lungs,  where  presumably  we're  not 
seeing  any  carriage  of  NO,  you'll  see 
the  same  vasodilator  effect.  So,  it  need 
not  necessarily  have  gone  from  the 
alveoli  all  the  way  around  back  to  the 
pulmonary  arterioles,  as  opposed  to 
moving  directly  through  the  cells  up 
to  the  pulmonary  arterioles.  In  the 
same  way,  if  you  think  about  the  ef- 
fects of  hypoxic  pulmonary  vasocon- 
striction, you  recognize  that  the  alve- 
olar gas  is  able  to  affect  the  pulmonary 
arteriolar  bed. 

Gerlach:  On  the  other  hand,  you 
probably  know  the  paper  of  Jonathan 
Stamler's  group,'  which  showed  that 
if,  for  instance,  the  oxygen  gradient 
between  peripheral  and  pulmonary 
sections  is  erased  by  taking  hyperbaric 
oxygen  ventilation,  you  see  absurd  ef- 
fects. You  suddenly  have  vasocon- 
striction, because  the  NO  is  not  deliv- 
ered in  the  periphery  anymore.  And 
so  probably  the  NO  that  you  inhale 


might  be  autoinhaled  endogenous  NO, 
which  definitely  has  a  function  in  the 
periphery. 
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Pearl:  Yes.  I  think  that  we've  all 
agreed  in  terms  of  the  systemic  effects 
that  we'll  get  from  it,  and  I  think  there 
is  a  lot  of  interest  in  using  those  sys- 
temic effects  therapeutically  nowa- 
days. What's  impressive,  though,  is 
that  we  really  get  minimal  systemic 
vasodilation  from  INO,  so  that  even 
though  there  likely  is  delivery  of  NO 
to  the  periphery,  it  is  not  achieving  an 
adequate  concentration,  at  least  in  the 
majority  of  the  systemic  vasculature. 

Hurford:  Ron,  with  the  knowledge 
that  there  is  perhaps  a  delivered  pool 
of  NO  and  effects  on  other  elements, 
when  you  go  back  and  read  between 
the  lines  in  a  lot  of  the  literature  or 
just  look  at  the  graphs,  you  see  bipha- 
sic  effects  of  NO,  dependent  upon 
dose.  We've  always  been  scratching 
our  heads  and  trying  to  explain  that.  I 
remember  one  such  study'  was  the  ef- 
fect of  INO  on  coronary  restenosis, 
where  at  low  concentrations,  we  got 
good  inhibition  of  platelet  aggregation, 
but  at  high  concentrations,  it  was  very 
difficult  to  convince  ourselves  at  all 
that  it  was  an  NO  effect,  per  se.  And 
the  same  thing,  perhaps,  for  some  of 
the  NO  studies,  where  there  are  dif- 
ferent low  doses  versus  high-dose  ef- 
fects.^ Do  you  think  that  represents 
changes  in  the  delivered  pool,  or  how 
do  you  explain  away  those  findings? 
Random  variation? 
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Pearl:  Since  you've  spent  much 
more  time,  I  probably  should  ask  you 
how  to  explain  them.  But  one  thing, 
obviously,  about  low-  versus  high- 
dose  is  always  going  to  come  back  to 
the  peroxynitrite  issue  and  whether, 
when  you're  starting  to  see  loss  of 
beneficial  effects  at  higher  doses  that's 
related  to  peroxynitrite  formation, 
where  most  of  the  effects  you'd  ex- 
pect would  be  the  reverse  of  those  of 
NO.  The  other  explanation  would  in- 
volve systemic  effects.  As  the  NO  con- 


centration increases,  are  we  starting  to 
activate  other  enzymes,  or  are  we  be- 
ginning to  get  other  cell  types  in- 
volved? All  become  real  issues,  and 
when  you're  applying  this  to  some- 
thing like  coronary  restenosis,  where 
we  don't  remotely  understand  the 
physiology,  it  becomes  very  difficult 
to  answer.  What  were  your  thoughts, 
since  you  did  think  about  it? 

Hurford:  That's  why  I  asked  the 
question.  I  was  hoping  you  could  help 
me  out.  I  think  that  perhaps  what 
you've  talked  about,  the  balance  be- 
tween the  "evil"  effects,  if  you  will, 
the  peroxynitrite  effects  and  the  toxic 
effects  of  NO,  is  a  dose-response.  I 
also  wonder  whether,  at  least  for  INO, 


we  just  end  up  delivering  more  to  the 
periphery,  and  it  becomes  more  bio- 
logically active  with  dose.  So,  those 
effects  are  showing  up  as  a  more  dose- 
responsive  effect.  So  1  wonder  whether 
it's  a  general  versus  a  peripheral  ef- 
fect of  NO,  on  a  simplistic  basis,  at 
least  when  applied  to  the  lung. 

Pearl:  One  interesting  thing  to  me 
is  that,  if  you  look  at  some  specific 
effects,  we  really  do  reach  a  maxi- 
mum effect  at  fairly  low  NO  concen- 
trations. And  one  would  believe  that, 
as  we  continue  to  increase,  we're  go- 
ing to  stop  seeing  that  effect,  benefi- 
cial or  harmful,  and  start  to  see  sec- 
ond effects,  which,  presumably, 
explain  what's  occurring. 
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Introduction 

Persistent  pulmonary  hypertension  of  the  newborn 
(PPHN)  is  associated  with  decreased  pulmonary  blood  flow 
and  shunting  of  deoxygenated  blood  from  right  to  left 
across  the  ductus  arteriosus  and  foramen  ovale.  This  ex- 
trapulmonary shunt  of  blood  causes  severe  systemic  hy- 
poxemia that  is  not  ameliorated  by  breathing  high  levels  of 
oxygen.'  Although  the  etiology  of  PPHN  is  unknown,  2 
mechanisms  cause  decreased  pulmonary  blood  flow  in 
PPHN.-  First,  the  pulmonary  arteries  have  increased  tone 
and  abnormal  responsiveness  to  vasodilators.  Second,  the 
pulmonary  arteries  in  the  lung  periphery  are  precociously 
muscularized,''  causing  a  decrease  in  vascular  cross  sec- 
tional area.  The  latter  mechanism  restricts  blood  flow  and 
causes  pulmonary  hypertension  that  is  not  decreased  by 
vasodilators."* 

Current  therapies  for  PPHN  include  ventilation  with  high 
levels  of  oxygen,  induction  of  alkalosis,  and  the  use  of 
intravenous  vasodilators  (see  review  by  Roberts  and 
Shaul'').  Although  intravenous  vasodilator  drugs  such  as 
tolazoline  decrease  pulmonary  vasoconstriction  in  some 
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patients,  they  do  not  selectively  dilate  pulmonary  arteries, 
and  they  often  cause  systemic  hypotension.  In  addition, 
intravenous  vasodilator  drugs  may  vasodilate  nonventi- 
lated  lung  segments  and  thereby  increase  intrapulmonary 
shunting  of  blood.  If  these  therapies  fail,  extracorporeal 
membrane  oxygenation  (ECMO)  can  be  life-saving  for 
patients  with  severe  PPHN. 

Inhaled  Nitric  Oxide  and  Persistent  Pulmonary 
Hypertension  of  the  Newborn 

Inhaled  nitric  oxide  (INO)  is  a  potent  and  selective  pul- 
monary vasodilator  in  the  newborn.  In  addition,  INO  has 
been  observed  to  decrease  the  pulmonary  vasoconstriction 
in  PPHN,  and  to  increase  arterial  oxygen  tension  (P;,o,). 
Recent  laboratory  studies  suggest  that  INO  prevents  pul- 
monary artery  remodeling  that  causes  pulmonary  hyper- 
tension in  newborn  offspring. 

INO  is  a  selective  pulmonary  vasodilator.  Frostell  et  al* 
found  that  INO  at  40-80  parts  per  million  (ppm)  by  vol- 
ume completely  reverses  pulmonary  vasoconstriction  in 
awake,  spontaneously-breathing  sheep.  INO  has  also  been 
observed  to  be  a  potent  and  selective  pulmonary  vasodi- 
lator in  the  newborn.  In  anesthetized  and  ventilated  new- 
bom  lambs,  breathing  10%  oxygen  (fraction  of  inspired 
oxygen  [F,o,]  set  at  0.10)  causes  pulmonary  vasoconstric- 
tion, whereas  breathing  20-80  ppm  INO  at  Fjo^  0.10  was 
observed  to  rapidly  reverse  the  pulmonary  vasoconstric- 
tion.^ The  maximum  decrease  in  hypoxic  pulmonary  va- 
soconstriction in  the  newborn  lambs  occurred  while  they 
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received  80  ppm  INO,  and  increasing  the  INO  concentra- 
tion to  160  ppm  did  not  cause  systemic  vasodilatation. 
INO  causes  pulmonary  vasodilation  by  stimulating  guan- 
ylate  cyclase,  which  increases  lung  cyclic  guanidine  mono- 
phosphate (cGMP),''  which  is  a  second  messenger  of  nitric 
oxide  (NO)  in  smooth  muscle  cells.  Furthermore,  severe 
respiratory  acidosis,  caused  by  ventilating  the  lambs  with 
8%  COj,  did  not  attenuate  the  pulmonary  vasodilation 
effect  of  breathing  80  ppm  INO.  In  newborn  lambs  with 
PPHN  caused  by  premature  constriction  of  the  ductus  ar- 
teriosus, receiving  up  to  100  ppm  INO  causes  a  rapid, 
selective,  dose-dependent  vasodilation  of  the  pulmonary 
arteries  and  improves  Pao,'*  I"  comparison  with  mechan- 
ical ventilation  with  high  levels  of  oxygen,  treatment  with 
INO  improved  the  survival  of  lambs  with  severe  PPHN.' 
Studies  also  indicate  that  INO  dilates  the  pulmonary  vas- 
culature of  piglets  with  sepsis'"  and  meconium  aspira- 
tion." Additionally,  INO  combined  with  exogenous  sur- 
factant therapy'2  or  partial  liquid  ventilation'-^  decreases 
the  pulmonary  vasoconstriction  and  systemic  hypoxemia 
of  lambs  with  pulmonary  hypertension  and  congenital  di- 
aphragmatic hernia. 

Since  INO  distributes  in  highly  ventilated  alveoli,  it 
may  improve  the  matching  of  ventilation  and  perfusion. 
Studies  in  adult  sheep  suggest  that  INO  decreases  shunt  in 
animals  with  lung  injury. '''  In  a  recent  study,  INO  was 
observed  to  decrease  intrapulmonary  shunt  and  dead  space 
in  newborn  rabbits  with  lung  injury  induced  by  saline 
lavage  or  meconium  treatment.'''  It  is  unknown  whether 
INO  decreases  intrapulmonary  shunt  in  human  newborns 
with  meconium  aspiration  or  pneumonia. 

INO  increases  P^q^  in  newborns  with  PPHN.  Pilot  studies 
tested  whether  INO  increases  P;,o,  in  patients  with  PPHN 
without  causing  hypotension.  Administration  of  up  to  80 
ppm  INO  was  observed  to  increase  the  postductal  oxygen 
levels  in  nearly  70%  of  patients  with  severe  hypoxemia 
and  PPHN.'*  None  of  the  patients  breathing  80  ppm  INO 
developed  systemic  hypotension  or  significantly  increased 
methemoglobin  concentrations.  In  addition,  in  one  patient, 
breathing  low  levels  of  INO  for  23  days  did  not  cause 
tachyphylaxis  to  INO.  Although  the  optimal  initial  INO 
level  is  unknown,  other  researchers  have  also  observed 
that  breathing  lower  levels  of  INO  improves  P^q,  'f  infants 
with  PPHN,'^"*  and  could  lead  to  a  sustained  improve- 
ment in  oxygenation  after  the  INO  was  discontinued.'^ 

In  patients  with  PPHN,  INO  increases  P^q,  in  compar- 
ison with  conventional  ventilator  therapy  with  oxygen." 
In  a  multi-center  study,  INO  was  observed  to  increase  P^q^ 
in  53%  of  infants  with  severe  PPHN,  whereas  control 
ventilator  therapy  increased  it  in  only  7%.  Importantly,  the 
magnitude  of  the  increase  in  oxygen  levels  was  directly 
proportional  to  the  degree  of  hypoxia  before  administering 
INO.  With  chronic  INO,  the  increased  P.,o,  was  main- 
tained in  75%  of  the  patients.  In  another  multi-center  study, 


the  optimal  INO  level  was  tested.^"  Although  the  maxi- 
mum increase  in  P^q,  was  observed  at  80  ppm  INO,  as 
little  as  5-20  ppm  INO  increased  the  oxygen  levels  above 
those  observed  in  the  hypoxic  newborns  not  receiving  INO. 
Studies  suggest  that  ventilator  strategies  that  increase  lung 
volume,  such  as  high  frequency  oscillatory  ventilation 
(HFOV),  may  potentiate  the  pulmonary  vasodilatation 
caused  by  INO.^' 

INO  decreases  the  requirement  for  ECMO  in  newborns. 
Although  ECMO  is  life-saving  for  many  infants  with  se- 
vere hypoxemia,  it  is  expensive,  requires  the  availability 
of  a  specially  trained  team,  and  is  not  available  in  many 
areas.  In  addition,  because  ECMO  requires  systemic  hep- 
arinization,  it  can  cause  intraventricular  hemorrhage.  In  a 
large  multi-center  study, ^^  INO  was  observed  to  decrease 
the  need  for  ECMO  in  full-term  and  nearly  full-term  in- 
fants. In  a  multi-center  study  of  full-term  infants  with 
PPHN,  the  requirement  for  ECMO  was  71%  in  full-term 
infants  with  PPHN.''  By  contrast,  in  patients  treated  with 
INO  the  requirement  for  ECMO  therapy  was  40%.  Be- 
cause INO  decreases  the  need  for  ECMO,  it  is  likely, 
though  unproven,  that  INO  diminishes  the  morbidity  of 
patients  with  PPHN. 

Non-Response  to  INO 

Several  mechanisms  may  prevent  INO  from  increasing 
oxygen  levels  in  PPHN.  Nearly  50%  of  patients  with  PPHN 
do  not  have  an  increase  in  Pj,q^  when  treated  with  INO." 
Since  PPHN  is  associated  with  restriction  of  blood  flow 
through  peripheral  pulmonary  arteries  with  thickened  walls, 
it  is  likely  that  INO  does  not  increase  lung  blood  flow  and 
Pao,  in  those  patients.  In  addition,  down-regulation  of  NO- 
cGMP  signaling  pathways  in  pulmonary  arteries  may  limit 
the  clinical  utility  of  INO.  Several  animal  studies  suggest 
that  pulmonary  hypertension  decreases  the  activity  of  sol- 
uble guanylate  cyclase,  an  important  receptor  of  NO  in 
smooth  muscle  cells.  In  chronically  hypoxic  rats^^  and 
lambs  with  PPHN,^'*^'  soluble  guanylate  cyclase  activity 
and  NO-mediated  pulmonary  artery  relaxation  are  de- 
creased. Studies  suggest  that  treatment  with  phosphodies- 
terase inhibitors,  which  decrease  cGMP  metabolism,  in- 
crease the  potency  of  INO. ^2, 25. 27  [„  Q^g  patient, 
dipyridamole,  a  phosphodiesterase  inhibitor,  was  observed 
to  potentiate  the  increase  in  P^o  associated  with  INO.^^ 
INO  might  not  be  effective  if  delivery  or  distribution  of 
the  gas  to  the  pulmonary  vasculature  is  impaired.  In  pa- 
tients with  interstitial  disease  associated  with  meconium 
aspiration,  the  response  to  INO  is  often  impaired. 2-  The 
use  of  ventilatory  techniques  that  recruit  distal  airways, 
such  as  HFOV,  has  been  observed  to  improve  P^q,  in 
newborns  receiving  INO.^'  Moreover,  animal  studies  sug- 
gest that  exogenous  surfactant  or  partial  liquid  ventilation 
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improves  the  vasodilatation  caused  by  INO  in  iambs  withi 
congenital  diaphragmatic  hernia. '2. is  jt  jj;  unknown  whether 
these  adjuvants  will  improve  the  poor  response  to  INO 
often  observed  in  patients  with  lung  hypoplasia. '^-s" 

Neomuscularization  and  Remodeling 

INO  attenuates  pulmonary  vascular  disease  in  the  new- 
bom  lung.  In  the  young,  lung  injury  and/or  increased  pul- 
monary blood  flow  causes  muscularization  of  peripheral 
pulmonary  arteries  (neomuscularization).'"  The  neomus- 
cularization of  peripheral  lung  arteries  causes  pulmonary 
hypertension  and  right  heart  failure  by  restricting  pulmo- 
nary blood  flow  and  increasing  pulmonary  artery  tone. 
Laboratory  studies  indicate  that  chronic  INO  prevents  pul- 
monary artery  neomuscularization  in  hypoxic  animals.  In 
rat  pups,  chronic  hypoxia  causes  neomuscularization  of 
the  peripheral  pulmonary  arteries,  right  ventricular  hyper- 
trophy, and  pulmonary  artery  hypertension  similar  to  that 
observed  in  infants  and  children  with  various  forms  of 
congenital  heart  disease.^--''* 

Studies  in  adult^'  and  infant  rats'*  demonstrate  that 
chronic  INO  at  20  ppm  attenuates  pulmonary  vascular 
remodeling  and  right  ventricular  hypertrophy.  The  mech- 
anism by  which  chronic  INO  prevents  pulmonary  artery 
remodeling  is  unknown.  Although  in  vitro  studies  suggest 
that  NO  decreases  remodeling  by  moderating  growth  fac- 
tor expression"*^  and  smooth  muscle  cell  proliferation^'*"' 
in  the  animal  studies  described  above,  NO  probably  pre- 
vented remodeling  by  decreasing  hypoxic  pulmonary  va- 
soconstriction. 

It  is  possible  that  NO  inhibits  remodeling  by  a  mecha- 
nism that  does  not  require  vasodilation.  In  rat  pups  treated 
with  monocrotaline  (the  metabolites  of  which  cause  endo- 
thelial injury  and  leakage  of  growth  factors  into  the  media 
of  pulmonary  arteries),  lung  artery  neomuscularization  oc- 
curs before  pulmonary  hypertension-*"  or  right  ventricular 
hypertrophy.'"  In  a  recent  study,  continuous  INO  was  ob- 
served to  prevent  increased  pulmonary  artery  muscular- 
ization, proliferation  of  cells  in  the  pulmonary  artery  wall, 
and  cell  loss  in  monocrotaline-treated  rat  pups  before  they 
developed  lung  artery  hypertension. ■*"  This  protective  ef- 
fect observed  in  rat  pups  appears  to  be  inconsistent  in  adult 
rats.  Although  20  ppm  INO  attenuated  pulmonary  artery 
remodeling  of  peripheral  pulmonary  arteries  of  monocro- 
taline-treated rats,  it  did  not  prevent  pulmonary  hyperten- 
sion or  right  ventricular  hypertrophy  .-•-■*"  However,  treat- 
ment with  L-arginine  (a  precursor  of  endogenous  NO)''-*  or 
a  phosphodiesterase  inhibitor  (which  increases  NO-cGMP 
signaling),-*"^  was  observed  to  attenuate  monocrotaline-in- 
duced  pulmonary  artery  remodeling  in  adult  rats.  Together, 
these  studies  suggest  that  INO  might  have  a  protective 
effect  against  pulmonary  artery  disease,  independent  of  its 


vasodilatory  effect.  Further  studies  are  needed  to  deter- 
mine whether  INO  protects  the  lung  from  pulmonary  ar- 
tery remodeling  associated  with  other  forms  of  lung  injury. 

Safety  of  INO 

Preliminary  studies  suggest  that  low  concentrations  of 
INO  are  safe  in  the  newborn  lung.  In  the  treatment  of  new- 
boms  with  PPHN,  carefully  controlled  quantities  of  NO 
are  introduced  into  the  inspiratory  limb  of  a  constant  flow, 
pressure-limited,  time-cycled  ventilator  or  high  frequency 
oscillator  breathing  circuit.  By  limiting  the  concentration 
of  NO  introduced  into  the  circuit  and  the  co-residence  time 
of  NO  and  oxygen,  the  INO  level  can  be  controlled  and  the 
levels  of  oxidative  gas  products  of  NO  (NOx)  can  be 
minimized.  Without  these  precautions,  the  patient  might 
inhale  high  levels  of  NO  and  NOx,  which  can  cause  pul- 
monary edema,  injury,  and  death.-** 

In  infants  receiving  <  20  ppm  NO  for  up  to  4  days, 
there  was  no  substantial  change  in  surface  activity  or  in  the 
tracheal  aspirate  concentrations  of  the  lipid  peroxidation 
products  or  cytokines  (interleukin  1  [IL-1],  granulocyte- 
macrophage  colony-stimulating  factor,  IL-1  receptor  an- 
tagonist).-*^ In  addition,  other  studies  report  that  the  dura- 
tion of  ventilator  and  hospital  support  was  not  increased 
by  administration  of  INO.  A  comparison  of  babies  receiv- 
ing up  to  80  ppm  INO  and  babies  treated  with  ECMO  and 
not  INO,  found  no  difference  in  the  duration  of  intubation, 
oxygen  therapy,  or  hospitalization.'''  As  well,  in  full-term 
and  nearly  full-term  babies  with  hypoxemia,  the  duration 
of  oxygen,  ventilator  therapy,  and  hospitalization  was  not 
significantly  different  in  babies  treated  with  INO  and  those 
who  did  not  receive  INO.-" 

Other  investigations  also  suggest  that  INO  protects  the 
newbom  from  injury  and  remodeling.  In  ventilated  pre- 
mature lambs  with  severe  respiratory  distress  syndrome, 
INO  increases  pulmonary  blood  flow  without  worsening 
pulmonary  edema,  and  decreases  lung  neutrophil  accumu- 
lation.-*'* Continuous  INO  has  been  observed  to  inhibit  pul- 
monary artery  remodeling  associated  with  lung  injury.-*" 
These  results  suggest  that  low  levels  of  INO  are  not  inju- 
rious to  the  newborn  lung,  and  may  even  be  protective. 

Although  INO  primarily  works  in  the  lung,  it  might  also 
stimulate  the  guanylate  cyclase  of  platelets,  which  transit 
through  the  lung  and  affect  bleeding  times.  However,  the 
importance  of  the  effect  of  INO  on  platelet  function  is 
unknown.  In  newborns  treated  for  PPHN,  bleeding  time 
was  prolonged  by  INO,-***  but  the  in  vitro  aggregation  of 
platelets  obtained  from  these  patients  was  not  changed  by 
INO.  In  existing  research,  administration  of  INO  has  not 
been  observed  to  increase  the  incidence  of  pulmonary  hem- 
orrhage in  newborns. 
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Several  studies  need  to  be  performed  to  fully  define  the 
safety  of  INO  for  newborns.  Although  an  important  fol- 
low-up study  of  newborns  with  PPHN  treated  with  INO 
has  been  reported,-''"  the  comparative  outcomes  of  babies 
treated  with  INO,  conventional  therapy,  or  ECMO  have 
not  been  reported.  Since  INO  has  been  shown  to  affect  cell 
proliferation  and  pulmonary  artery  muscularization,  addi- 
tional study  of  the  effect  of  INO  on  postnatal  lung  devel- 
opment is  needed.  Such  investigation  is  necessary  prior  to 
widespread  and  prolonged  clinical  use  of  INO. 

Summary 

Current  studies  indicate  that  INO  is  a  useful,  selective 
pulmonary  vasodilator  in  newborns  and  infants  with  pul- 
monary hypertension.  Laboratory  studies  suggest  that 
chronic  INO  inhibits  pulmonary  vascular  remodeling  dis- 
ease associated  with  chronic  pulmonary  hypertension  or 
lung  injury.  Research  is  currently  underway  to  find  ways 
to  augment  or  potentiate  the  effects  of  low  levels  of  INO 
in  the  perinatal  lung. 
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Discussion 

Hess:  Jay,  could  you  say  a  few  words 
about  an  approach  to  dosing  of  INO  in 
the  newborn? 

Roberts:  Many  of  the  initial  dosing 
studies  used  newborn  animal  models 
to  test  the  effects  of  INO  in  decreas- 
ing pulmonary  vascular  resistance. 
The  clinical  studies  have  been  focus- 
ing on  more  clinically  relevant  vari- 
ables such  as  the  effects  of  INO  on 
postductal  Pjio,  levels.  One  of  the  rea- 
sons why  the  Massachusetts  General 
Hospital  study  started  out  by  using  80 
ppm  is  because  we  wanted  to  be  cer- 
tain to  get  an  effect  on  oxygenation  so 
that  we  could  reach  significance  in  our 
study.  We  reasoned  that  this  level  of 
INO  would  cause  more  babies  to 
achieve  a  successful  increase  in  oxy- 


genation. However,  as  INO  is  now  be- 
coming more  of  a  mature  therapy  in 
neonatology,  the  expectations  of  suc- 
cessful NO  response  have  changed. 
Now  people  are  accepting  lower  in- 
creases in  postductal  P^q,  ^s  evidence 
that  INO  is  effective.  So,  as  a  result  of 
this,  lower  levels  of  INO,  often  less 
than  20  ppm,  are  used.  If  20  ppm  is 
not  effective,  some  clinicians  will  in- 
crease the  INO  level  up  to  80  ppm  to 
see  whether  oxygenation  can  be  in- 
creased. Then,  once  they  demonstrate 
that  INO  has  been  effective,  the  INO 
level  can  be  decreased  within  a  few 
hours,  to  levels  of  20  ppm  or  lower. 

Hess:  A  follow-up  question.  What 
about  weaning  from  a  clinical,  prac- 
tical standpoint  in  the  neonatal  ICU? 
When  do  you  wean?  How  do  you 
wean? 


Roberts:  That's  something  that's 
changing  now.  Until  recently  neona- 
tologists  have  decreased  the  level  of 
the  experimental  therapy,  which  is 
INO;  but  I  think  as  time  goes  on  and 
as  clinicians  appreciate  more  how  INO 
safely  decreases  pulmonary  vasocon- 
striction and  increases  systemic  oxy- 
gen levels,  they  are  tending  not  to  wean 
the  INO  level.  They  are  now  decreas- 
ing the  inhaled  oxygen  levels.  Decreas- 
ing the  inhaled  oxygen  levels  in  ba- 
bies who  did  not  respond  to  the  high 
oxygen  levels  makes  sense  since  the 
babies  are  exhibiting  shunt  physiol- 
ogy, and  oxygen  is  a  toxic  gas  at  high 
levels.  So,  now  I  think  what  people 
are  starting  to  do  is  keep  the  INO  at 
<  20  ppm,  and  decreasing  the  inhaled 
oxygen  levels.  Once  the  F,o,  is  signif- 
icantly decreased,  then  it  might  be  pru- 
dent to  decrease  the  INO.  I  think  what's 
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important  about  this  approach  to  wean- 
ing oxygen  therapy  is  that  it  will  un- 
cover a  beneficial  effect  of  INO  on 
lung  toxicity. 

Stewart:  If  I  was  to  be  convinced 
that  I  need  to  use  NO  in  neonates,  and 
thank  the  Lord  I  don't  take  care  of 
neonates,  I  would  have  to  be  sure  that 
ECMO  truly  was  bad,  and  I  would 
have  to  be  convinced  that  your  con- 
trol arm  strategies  were  the  best  con- 
ventional strategies  available.  In 
adults,  clearly  there's  a  big  debate 
whether  prone  ventilation  or  NO  or 
HFO  or  recruitment  maneuvers  or  per- 
missive hypercapnia  are  equal  to  us- 
ing NO.  Could  you  give  me  your 
thoughts  on  how  bad  ECMO  is,  how 
available  is  it  to  clinicians  out  there, 
and  whether  there  other  things  in  the 
conventional  arm  that  could  equally 
prevent  ECMO? 

Roberts:  Well,  ECMO  is  clearly  life 
saving,  but  it's  very  expensive,  time- 
consuming,  and  requires  a  lot  of  ex- 
pertise. As  a  result  of  that,  it's  not 
available  in  a  lot  of  medical  centers. 
Not  all  Level  III  nurseries  in  the  United 
States  are  able  to  provide  ECMO  for 
critically  ill  babies.  Therefore,  many 
very  sick  babies  are  transported  to 
other  centers  for  consideration  for 
ECMO  therapy.  The  adverse  effects 
of  ECMO  primarily  seem  related  to 
the  heparinization  required  for  blood 
to  be  circulated  through  the  membrane. 
That  can  permit  severe  bleeding  in  the 
brain  and  other  organs.  Now,  as  far  as 
other  therapies  . . . 

Stewart:  Just  back  on  that  thought, 
1  would  have  thought  that  these  long- 
term  follow-up  studies  would  have 
demonstrated  that  your  fears  of  ECMO 
were  valid. 

Roberts:  Right.  And  I  would,  too, 
providing  one  could  do  an  experiment 
where  one  could  be  randomized  to  NO 
alone  and  not  use  a  rescue  therapy 
such  as  ECMO  to  back  them  up.  That' s 
the  difficulty  with  the  neonatal  stud- 


ies, and  will  always  be  a  problem  as 
long  as  ECMO  is  in  the  rescue  limb. 
So,  you  don't  always  end  up  with  a 
very  clean  control  group.  This  is  prob- 
ably why  the  death  rates  weren't  dif- 
ferent in  the  INO  and  control  groups. 
So  one  needs  to  look  at  surrogate  end 
points,  and  right  now  the  surrogate  end 
point  that  most  people  are  looking  at 
is  acute  increase  in  systemic  oxygen 
levels  and  the  requirement  for  ECMO. 
It's  not  that  we're  saying  ECMO  is 
terrible,  it's  just  that  there  can  be  im- 
portant adverse  effects  and  availabil- 
ity issues  associated  with  it. 

Stewart:  But  there  were  other  op- 
portunities in  the  conventional  arm. 
My  second  part  of  the  question  was 
HFOV,  recruitment  maneuvers,  prone 
position. 

Roberts:  Recruitment  maneuvers, 
which  include  HFOV,  are  important 
and  in  some  studies  were  included  in 
the  conventional  arm.  The  Denver 
study'  randomized  hypoxic  patients 
who  came  in  with  conventional  ven- 
tilation to  ventilation  with  HFOV 
alone  or  conventional  ventilation  with 
INO,  and  for  those  who  failed,  they 
would  get  crossed-over,  so  they  could 
examine  the  effects  of  lung  recruit- 
ment by  the  HFOV  maneuver  itself, 
or  in  combination  with  INO  or  sys- 
temic oxygen  levels.  It  seems  that 
when  we  compare  HFOV  to  conven- 
tional ventilation  with  NO,  there's 
about  the  same  increase  in  postductal 
P^o,-  But,  nevertheless,  there  are  a 
number  of  babies  who  do  not  improve 
with  HFOV  therapy  alone.  Some  of 
those  babies  did  have  increased  oxy- 
gen levels  with  combined  treatments 
of  HFOV  and  NO.  Several  therapies 
are  being  tested  in  newborns  with 
PPHN.  However,  many  of  them  don't 
treat  the  underlying  pathophysiology 
of  this  disease.  For  example,  HFOV 
can  cause  lung  recruitment,  and  prone 
ventilation  may  affect  the  V/Q  match- 
ing. However,  none  of  them  directly 
relieve  pulmonary  vasoconstriction. 
So,  they  may  be  useful  as  adjunctive 


therapies  for  babies  with  interstitial 
lung  disease  and  PPHN,  but  INO  is  a 
more  specific  therapy  for  vasocon- 
striction. 
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Channick:  I'm  not  that  familiar  with 
neonates,  but  just  to  make  it  more  prac- 
tical and  kind  of  push  you  a  little  bit, 
you're  going  to  have,  presumably,  an 
approved  drug  in  the  near  future,  and 
you'll  be,  as  a  neonatologist,  a  pio- 
neer in  determining  how  this  is  used 
in  the  community,  and  in  terms  of  set- 
ting protocol  and  policy.  I've  heard  a 
counter-argument  that  having  NO  in  a 
community  setting  may  actually  delay 
appropriate  transfers  to  large  centers, 
because  "any"  physician  can  try  it. 
What  are  you  going  to  recommend  to 
the  community  physicians?  When 
should  they  start  it?  When  should  they 
decide  it's  not  working? 

Roberts:  That's  an  important  thing, 
and  you  are  pushing  me.  The  problem 
with  it  right  now  is  that  INO  is  still 
experimental. 

Channick:     Not  for  long. 

Roberts:  Right.  It's  still  experimen- 
tal, and  I  think  it  should  be  restricted 
at  this  point  to  places  where  they  have 
the  alternative  therapies,  such  as 
ECMO,  readily  available.  Once  INO 
is  approved  by  the  FDA,  its  applica- 
tion should  be  limited  by  neonatolo- 
gists  or  intensivists  who  are  familiar 
with  its  application.  One  of  the  posi- 
tive things  about  INO  is  how  rapidly 
it  causes  increases  in  systemic  oxygen 
levels.  So,  it  is  possible  that  a  short 
trial  of  INO  can  be  used  in  a  Level  III 
nursery  where  they  could  determine 
very  rapidly,  within  a  half  hour. 
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whether  it's  effective  in  a  given  pa- 
tient. If  it  is  not  effective,  ECMO,  or 
transport  for  ECMO,  could  be  insti- 
tuted. What's  happening,  unfortu- 
nately, is  that  a  lot  of  therapies,  in- 
cluding INO,  high  frequency 
ventilation,  exogenous  surfactant, 
prone  ventilation,  and  partial  liquid 
ventilation  perhaps  down  the  road,  are 
being  tried  at  centers  without  ECMO 
available.  If  one  hour  is  devoted  to 
unsuccessful  use  of  each  one  of  these 
therapies,  then  the  baby  could  worsen 
over  a  long  period  of  time,  and  then 
be  transported  in  extremis.  So,  I  think 
that  NO,  like  any  other  therapy  that's 
going  to  be  used  without  ready  avail- 
ability of  ECMO,  should  be  u.sed  cau- 
tiously and  evaluated  very  carefully. 

Head:  One  of  the  things  we  always 
worry  about  with  NO  toxicity  is  met- 
hemoglobinemia. In  your  study,  you 
used  80  ppm  and  a  high  F,o,,  which 
certainly  enhances  the  chance  of  form- 
ing methemoglobinemia.  However,  if 
I  remember  correctly,  you  didn't  see 
much  methemoglobin  formation  in 
these  babies.  Is  that  correct?  And  in 
the  ones  who  did  have  methemoglo- 
binemia, how  do  you  recommend  treat- 
ing those  patients? 

Roberts:  In  our  trial,  we  used  80 
ppm  INO  initially,  and  then  rapidly 
decreased.  Although  the  methemoglo- 
bin increases  in  proportion  to  the  INO 
concentration  and  duration,  breathing 
80  ppm  for  short  periods  of  time  brings 
the  methemoglobin  level  up  only  to 
the  5-8%  percent  range.  In  one  case, 
however,  which  we'  ve  discussed  in  our 
multi-center  study,  there  was  a  met- 
hemoglobin level  that  went  up  to 
nearly  15%.  Despite  this  level  of  met- 
hemoglobin, there  was  no  evidence  of 
metabolic  acidosis  or  other  effects  of 
decreased  oxygen  delivery.  The  treat- 
ment for  high  methemoglobin  includes 
decreasing  the  INO  level,  which  was, 
obviously,  done,  and  treatment  with 
vitamin  C. 


Pearl:  In  the  adult  population  with 
acute  respiratory  distress  syndrome, 
rebound  from  NO  therapy  is  a  sub- 
stantial problem.  Is  it  also  a  problem 
in  neonates?  Do  you  have  any  sugges- 
tions for  strategies  for  it? 

Roberts:  It  is  a  problem  in  new- 
borns. In  babies,  much  like  in  adults, 
there  is  a  5-10  minute  period  of  un- 
stable postductal  oxygen  levels,  or  sat- 
urations, associated  with  acutely  de- 
creasing INO  levels.  A  typical  way 
that  people  treat  that  is  by  increasing 
the  NO.  However,  one  could  ratchet 
up  the  NO  level  to  as  high  as  you  can 
go  if  you  use  this  approach.  Another 
approach  is  to  realize  that  the  insta- 
bility in  the  postductal  oxygen  satura- 
tion will  last  only  about  15  minutes, 
and  that  one  can  either  ride  through  it, 
accept  the  saturation  drop,  or  just  tran- 
siently increasing  the  F,q^,  prior  to  de- 
creasing NO,  to  keep  the  postductal 
P.,o,  levels  up. 

Thompson:  I'd  like  to  echo  what 
Jay  (Roberts)  just  said  about  getting  a 
call  for  a  patient  who's  prone,  on  high 
frequency  ventilation,  and  getting  NO; 
please  come  and  pick  him  up  for 
ECMO.  We,  obviously,  can't  do  that. 
We  can't  even  do  high  frequency  ven- 
tilation in  transport.  So,  it  is  a  real 
problem  for  us  transporting  patients. 
I'd  like  to  ask  Jay  about  getting  a  car- 
diac echo  prior  to  the  use  of  NO  in 
neonates. 

Roberts:  1  think  that's  critical  to  do, 
and  that's  part  of  the  standard  evalu- 
ation of  cyanotic  babies.  This  permits 
not  only  diagnosis  of  pulmonary  hy- 
pertension but  also  of  other  structural 
cardiac  lesions  that  might  lead  to  ex- 
trapulmonary shunting  and  cyanosis. 
Getting  an  echo  to  diagnose  pulmo- 
nary hypertension  prior  to  the  use  of 
NO  has  been  built  into  many  of  the 
experimental  protocols  that  have  eval- 
uated INO  in  newborns.  But  I  think 
that  as  time  goes  on,  and  NO  becomes 
more  available,  they'll  use  NO  as  a 


trial  to  diagnose  pulmonary  hyperten- 
sion. So,  if  NO  is  given  to  certain  ba- 
bies, and  there  is  increase  in  systemic 
oxygen  levels,  they'll  say,  well,  we 
can't  rule  out  a  cardiac  lesion,  but  there 
is,  to  some  degree,  some  extrapulmo- 
nary shunting  and  vasoconstriction 
that  we're  treating. 

Thompson:  Isn't  there  a  fear  that 
they  have  left  ventricle  dysfunction, 
and  their  systemic  circulation  is  by 
their  right  ventricle,  and  that  giving 
NO  will  devastate  them? 

Roberts:  Well,  I  think  that  that  can 
be  a  concern,  but  it  is  unlikely,  and 
easily  reversible  with  discontinuation 
of  INO. 

Pearl:  Going  back  to  the  issue  of 
dosing:  I've  always  had  trouble  in  in- 
dividual cases  knowing  whether,  when 
people  tell  me  a  patient  required  80 
ppm  vs  20  ppm,  they  were  seeing  true 
effect  or  just  variability.  Do  you  be- 
lieve that  there  are  babies  who  do  re- 
quire the  80  ppm,  and,  if  so,  why  do 
you  think  they  require  high  doses? 

Roberts:  I  think  that  most  of  the 
babies  who  have  an  increase  in  post- 
ductal P^o^  with  80  ppm  will  also  have 
some  effect  with  20  ppm,  although  it 
might  be  smaller,  so  I  don't  want  to 
say  that  80  is  mandatory  in  those  ba- 
bies. One  of  the  other  problems  I  want 
to  mention  has  to  do  with  the  onset 
time.  In  the  lamb  model  we  observed 
that  the  onset  time  could  be  very  rapid, 
but  Hallman'  and  his  group  looked  at 
the  onset  time  of  INO  in  babies  with 
PPHN  and  found  that  you  might  not 
get  the  maximum  effect  of  NO  until 
after  20-30  minutes. 
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Rich:  I'm  not  familiar  with  this  pa- 
tient population  as  much  as  with  adults, 
but  in  adults  there's  quite  often  a  pos- 
itive response  in  the  parts  per  billion 
range,  and  I  was  just  wondering  if  there 
is  some  similar  type  of  dose  response 
in  the  patient  population  you're  talk- 
ing about.  Also,  getting  back  to  what 
Dr  Pearl  was  talking  about  with  re- 
bound, if  you  find  it  beneficial  to  de- 
crease the  NO  level  as  low  as  possi- 


ble, maybe  below  1  ppm  or  even  100 
ppb  before  you  wean  in  order  to  help 
prevent  rebound? 

Roberts:  I  don't  think  that  this  has 
been  fully  evaluated  in  newborns.  That 
is,  the  dose  response  to  very  low  lev- 
els, say  less  than  5  ppm  NO,  or  the 
efficacy  of  maintaining  a  baby  in  the 
ppb  range.  But,  anecdotally,  I  can  say 


that  some  babies  are  extremely  sensi- 
tive to  low  levels  of  INO,  less  than  1 
ppm.  And  I  can  say  it  anecdotally  be- 
cause the  original  systems  that  we  used 
to  deliver  NO  used  a  Bird  Blender 
that  permitted  NO  delivery  at  this 
range.  In  some  babies  we  observed  a 
small  increase  in  P^^q^  with  this  lov/ 
level  of  NO.  Nevertheless,  the  re- 
sponse was  much  lower  than  we  ob- 
served at  INO  levels  above  20  ppm. 
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Introduction 


Use  of  INO  in  Asthma 


Lung  pathology  remains  the  most  significant  factor  in 
morbidity  and  mortality  in  the  pediatric  intensive  care  unit. 
Primary  respiratory  failure  in  children  is  the  most  common 
pathway  leading  to  cardiopulmonary  arrest,  and  research 
on  childhood  respiratory  failure  is  an  area  of  active  clinical 
investigation.  Inhaled  nitric  oxide  (INO)  has  recently  gen- 
erated a  lot  of  attention  in  the  pediatric  intensive  care 
community.  Recent  studies  have  demonstrated  that  neo- 
nates with  meconium  aspiration  syndrome  and/or  persis- 
tent pulmonary  hypertension  treated  with  INO  had  de- 
creased extracorporeal  membrane  oxygenation  (ECMO) 
utilization.'  This  use  of  INO  in  neonates  has  been  viewed 
as  a  first  step  in  the  use  of  INO  in  other  pediatric  (non- 
neonatal)  lung  disease.  Nitric  oxide's  ability  to  cause  pul- 
monary vasodilation  and  improve  ventilation/perfusion 
matching  makes  its  use  promising  in  pediatric  diseases 
which  involve  hypoxia  or  pulmonary  hypertension,  such 
as  asthma  or  acute  respiratory  distress  syndrome  (ARDS). 
The  literature  on  the  use  of  INO  in  pediatrics  is  limited  by 
the  low  incidence  of  significant  lung  pathology  in  chil- 
dren. Therefore,  a  large  proportion  of  the  INO  data  must 
be  extrapolated  from  adult  literature.  Most  of  the  pediatric 
studies  are  small  series  examining  the  effects  of  INO  on 
hemodynamics  and  oxygenation,  and  no  large  randomized 
controlled  studies  have  been  published. 
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Airway  hypersensitivity  secondary  to  asthma  and  infec- 
tion continues  to  rise  in  prevalence  and  is  still  the  number 
one  reason  for  admission  to  our  institution.  There  has  been 
a  recent  proliferation  of  new  treatment  modalities  for 
asthma,  including  longer-acting  jS^  agonists,  leukotriene 
inhibitors,  and  improved  inhaled  steroids.  Respiratory  fail- 
ure as  a  result  of  asthma  is  still  uncommon,  but  there  is  a 
subset  of  patients  who  die  from  previously  well  controlled 
asthma.  The  role  of  NO  in  asthma  is  currently  being  eval- 
uated, first  by  examining  the  levels  of  endogenous  NO  and 
its  relationship  to  airway  responsiveness,  then  by  studying 
INO's  ability  to  bronchodilate  airway  smooth  muscle. 

Several  studies  have  examined  the  level  of  expired  NO 
in  patients  with  asthma.  Massaro  et  al-  compared  expired 
NO  levels  in  43  adult  mild  asthmatics  to  90  healthy  sub- 
jects, and  found  significant  NO  elevation  in  the  asthma 
group  (13.9  ppb  vs  6.2  ppb,  p  <  0.001).  In  7  of  the  asthma 
patients  they  found  a  significant  reduction  in  exhaled  NO 
after  glucocorticoid  treatment.  Massaro' s  follow-up  paper 
on  intubated  patients  found  that  the  increased  NO  in  asth- 
matics was  due  to  increased  lower  airways  production,  not 
nasopharyngeal  contamination.^  These  findings  were  cor- 
roborated by  Kharitonov  et  al,-*  who  measured  exhaled  NO 
from  bronchoscopy  samples  at  different  levels  of  the  lung 
airway.  Similar  differences  in  exhaled  NO  have  been  found 
in  childhood  asthma,  and  the  levels  also  decrease  with 
anti-inflammatory  treatment. '^■''•^  It  has  been  postulated  that 
NO  may  be  released  in  inducible  NO  synthase,  which  is  a 
product  of  airway  inflammation.  Stimulated  macrophages, 
fibroblasts,  neutrophils,  smooth  muscle  cells,  airway  epi- 
thelial cells,  and  type  II  alveolar  epithelial  cells  all  have 
inducible  NO  synthase.  Measurement  of  expired  NO  might 
become  a  standard  marker  of  severity  and  response  to 
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treatment  in  many  cases.  However,  de  Gouw  et  al.**  found 
that  the  level  of  expired  NO  decreased  (instead  of  in- 
creased) after  direct  bronchoconstriction  challenge.  Over- 
all, the  latter  reports  suggest  the  possibility  that  exhaled 
NO  could  act  as  a  measurement  of  asthma  treatment  re- 
sponse if  the  asthma  is  mild  and  the  patient  has  adequate 
air  flow.  The  utility  of  exhaled  NO  measurement  in  more 
severe  asthma  cases  remains  unclear,  especially  if  wors- 
ened airway  constriction  causes  a  lower  exhaled  NO  level. 

INO  as  a  treatment  for  asthma  has  also  been  studied. 
Despite  the  fact  that  inflamed  airways  in  asthmatics  tend 
to  have  elevated  NO  levels,  administering  INO  might  pro- 
vide some  therapeutic  benefit.  The  elevated  NO  in  asth- 
matics is  most  likely  the  product  of  inducible  NO  syn- 
thase, and  might  actually  inhibit  the  production  of 
constitutive  NO  synthase.  Constitutive  NO  synthase  pro- 
duces NO  in  areas  where  it  might  directly  cause  smooth 
muscle  relaxation,  and/or  act  as  a  neurotransmitter  for  non- 
adrenergic,  noncholinergic  (NANC)  nerve  mediated  bron- 
chodilation.''  NO  appears  to  be  the  main  mediator  of  NANC 
relaxation. '°  By  treating  asthma  with  INO,  the  theory  is 
that  the  NO  will  reach  the  areas  where  it  is  being  sup- 
pressed. 

Animal  studies  have  shown  that  INO  reverses  metha- 
choline-induced  bronchoconstriction."  Kacmarek  et  al'^ 
studied  1 3  adults  with  mild  asthma  by  administering  metha- 
choline  challenges  until  their  FEV,  dropped  >  20%  and 
then  treating  them  with  100  ppm  INO  for  10  minutes. 
Repeat  pulmonary  function  tests  (PFTs)  done  during  and 
after  INO  treatment  found  a  small  but  significant  increase 
in  FEV,,  but  also  found  that  6  of  the  patients  were  re- 
sponders  and  had  a  >  15%  response.  The  increases  were 
sustained  even  after  discontinuing  INO. 

Pfeffer  et  al'^  studied  12  children  with  mild  to  moderate 
asthma  using  PFT  measurements.  All  the  children  had 
baseline  PFTs,  followed  by  15  minutes  of  40  ppm  NO  via 
mouthpiece,  then  another  PFT  10  minutes  later,  and  finally 
a  fourth  PFT  measurement  after  a  treatment  with  aerosol- 
ized albuterol.  There  was  no  difference  from  baseline  with 
the  INO  treatment,  but  the  albuterol  treatment  caused 
marked  improvement.  No  studies  have  been  published  on 
the  use  of  INO  in  intubated  or  even  hospitalized  patients 
with  asthma.  The  benefit  of  INO  in  the  treatment  of  asthma 
remains  unclear  and  needs  further  study. 

Use  of  INO  in  Pediatric  ARDS 

Severe  respiratory  failure  in  children  remains  relatively 
infrequent,  with  an  incidence  reported  to  be  8.5-10.4/1000 
admissions  to  pediatric  intensive  care  units.'''  ARDS  in 
children  has  been  associated  with  a  mortality  rate  as  high 
as  50%  to  70%. "•"'•'''  Recent  reports  have  indicated  sur- 
vival rates  of  up  to  65%."*  The  pathophysiology  of  ARDS 
in  children  is  essentially  similar  to  that  of  adults,  and  is 


defined  by  the  same  hemodynamic  and  oxygenation  indi- 
ces."''^ Specifically,  ARDS  is  characterized  by  impair- 
ment of  the  alveolar-capillary  membrane  which  causes  in- 
creased permeability  and  edema.'*'''  Varying  degrees  of 
pulmonary  vasoconstriction  occur  and  lead  to  elevated  pul- 
monary artery  pressure  and  right-sided  heart  failure.'*'^ 
The  increased  alveolar-capillary  permeability,  coupled  with 
pulmonary  vasoreactivity,  causes  an  abnormal  ventilation- 
perfusion  relationship,  resulting  in  hypoxemia.'*'^  Clini- 
cal diagnosis  of  ARDS  typically  includes  positive  end- 
expiratory  pressure  (PEEP)  requirements  of  >  6  cm  HjO 
and  fraction  of  inspired  oxygen  (F,o^)  >  0.5  for  12  or  more 
hours,  diffuse  bilateral  infiltrates  on  chest  radiograph,  and 
the  ratio  of  arterial  oxygen  tension  (P^q  )  to  F,o,  is  <  200 
mm  Hg.""'^  Children  usually  have  less  ischemic  cardiac 
involvement,  but  isolated  lung  pathology  is  common.  Sim- 
ilar to  the  adult  experience,  INO  can  be  an  important  adjunct 
in  the  clinical  management  of  pediatric  ARDS.  It  has  been 
demonstrated  that  INO  reduces  pulmonary  vascular  resis- 
tance and  associated  pulmonary  edema,  enhances  the  ven- 
tilation/perfusion  relationship,  and  therefore  aids  in  mini- 
mizing oxygen  and  ventilation  requirements. '''-2''.  The  use 
of  INO  in  the  management  of  ARDS  in  children  has  been 
evaluated  in  several  reports  (see  Table  I). 

Abman  et  al'''  looked  at  the  effect  of  INO  in  10  pediatric 
patients  with  ARDS  (mean  age  7  years)  and  7  patients 
with  viral  pneumonitis  (mean  age  4  months).  The  patients 
were  mostly  treated  pre-therapy  with  very  high  ventilator 
settings,  with  mean  levels  of  PEEP  12  cm  H^O,  airway 
pressure  25  cm  HjO,  and  Fiq^  0.93.  Within  30  minutes  of 
initiation  of  INO,  P.,o,  levels  increased  by  50%  in  each 
group  (p  <  0.01),  with  15  out  of  the  17  responding  to  the 
therapy.  The  effect  was  improved  by  increasing  the  INO 
concentration  from  10  ppm  to  20  ppm,  but  increasing  it 
from  20  ppm  up  to  40  ppm  did  not  further  improve  the 
oxygenation  effect.  In  10  patients  who  had  pulmonary 
artery  (PA)  catheters  in  place,  mean  PAP  was  lowered 
from  72  to  31  mm  Hg  (p  <  0.01),  and  intrapulmonary 
shunt  fraction  decreased  (p  <  0.01).  There  was  no  change 
in  arterial  carbon  dioxide  tension  (Paco,)  o""  PH,  and  mor- 
tality was  50%.  This  report  concluded  that  there  is  an  acute 
improvement  in  gas  exchange  and  hemodynamics  with  the 
addition  of  INO,  and  it  suggested  that  INO  enhances  ven- 
tilator management  strategies  by  allowing  the  reduction  of 
ventilator  volumes  and  oxygen  concentration.  No  signifi- 
cant adverse  effects  were  observed. 

Nakagawa  et  al-'^  studied  14  children  (mean  age  63 
months)  with  ARDS,  all  with  an  oxygenation  index  (OI)  of 
over  10  (mean  OI  of  34),  and  mechanical  ventilation  for  a 
mean  of  48.5  hours.  PA  catheters  were  used  in  children 
over  10  kg  (10  patients).  INO  was  titrated  in  10-minute 
intervals,  from  10  ppm  up  to  20  ppm,  from  20  ppm  up  to 
40  ppm,  from  40  ppm  up  to  60  ppm,  and  from  60  ppm  up 
to  80  ppm,  recording  data  at  each  time  point.  The  patients 
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Table  1.      Summary  Clinical  Data  for  the  Use  of  Inhaled  Nitric  Oxide  in  Pediatric  Acute  Respiratory  Distress  Syndrome 


Author 

Population 

Initial  INO 
Dose 

Overall 
Mortality 

Findings 

Abman  et  al''' 

10  ARDS 

7  viral  pneumonitis 

10  ppni 

50% 

Acute  improvement  in  gas  exchange. 
INO  permits  the  lowering  of  ventilator 

settings. 
Non-ARDS  patients  had  better 

response. 

Nakagawa  et  al-' 

14  ARDS 

10-80  ppm 

38% 

Significant  decrea.se  in  OI. 
Maximum  beneficial  dose  =  20  ppm. 
Decreased  PVRI. 

Demirakca  et  al-- 

8  ARDS 

20  ppm 

0% 

Significant  decrease  in  OI. 
Overall  improvement  in  gas  exchange. 
Discontinuing  INO  best  tolerated  when 
01  <  5. 

Day  et  al™ 

19  ARDS 

1 1  or  60  ppm 

45% 

Improved  Pao,/Fio,- 

Decreased  PVRI. 

Chest  radiograph  identifies  responders. 

Goldman  et  al-'* 

30  ARDS 

20  ppm 

60% 

Significant  decrease  in  OI. 

All  patients  with  <  l.i%  response  died. 

Mortality  least  with  >  30%  response. 

Day  et  a|2i 

24  ARDS 

10  ppm 

46% 

Acute  improvement  in  01. 
Sustained  treatment  has  limited  role. 

syndrome;  01  -  oxygenation  index;  PVRI 

-  pulnionar>  vascular  res 

islance  index;  ppm  =  parts  per  million 

Lowest  effective  dose  10-20  ppm. 

ARDS  =  acute  respiratory  distress 

continued  to  receive  tiie  lowest  dose  of  INO  that  gave  a 
positive  response,  and  then  the  INO  was  tapered  at  the 
discretion  of  the  intensive  care  unit  staff.  Seven  out  of  10 
children  with  PA  catheters  had  a  positive  response,  with  a 
decrease  in  pulmonary  vascular  resistance  index  (PVRI)  of 
30%  or  greater,  but  did  not  reach  statistical  significance. 
There  was  a  significant  decrease  in  01  and  increase  in 
P^o,'  with  the  maximal  benefit  found  at  20  ppm  INO.  Five 
children  were  non-responders.  It  was  suggested  that  the 
lack  of  response  might  be  associated  with  poorly  recruited 
lung  volume.  It  was  also  suggested  that  concentrations 
greater  than  40  ppm  might  result  in  worsening  ventilation/ 
perfusion  matching  due  to  the  presence  of  irreversible  pul- 
monary vasoconstriction.  No  additional  benefit  beyond  the 
initial  treatment  was  found,  and  the  mortality  was  38%. 

Another  dose-response  study  was  conducted  by  Demir- 
akca et  al.--  Eight  pediatric  patients  (mean  1.75  years) 
with  ARDS  were  evaluated  after  treatment  with  INO  in 
concentrations  ranging  from  1  to  80  ppm.  All  8  patients 
had  OIs  greater  than  25  and  a  mean  duration  of  mechanical 
ventilation  of  3.5  days.  All  8  patients  were  started  at  20 
ppm  for  one  hour  and  then  had  dosing  alterations.  They 
demonstrated  a  significant  improvement  in  OI  and  P,|Q  ,  as 
well  as  P^co,  ^nd  pH-  There  was  only  1  nonresponder. 
Among  these  8  patients,  10  ppm  INO  was  the  lowest  ef- 
fective dose.  All  of  their  patients  survived  to  discharge. 
These  investigators  noted  a  continuous  improvement  in 


oxygenation  with  prolonged  inhalation  (4-21  days)  and 
identified  an  01  of  under  5  as  a  predictor  of  successful 
weaning  from  INO  (sensitivity  75%,  specificity  89%). 

Day  et  al-"  studied  19  pediatric  patients  (ages  ranging 
from  7  months  to  16  years)  using  an  initial  randomized 
INO  dose  of  1 1  ppm  and  60  ppm,  followed  by  continuous 
therapy  with  either  10  ppm  or  40  ppm  INO.  The  thera- 
peutic doses  of  10  or  40  ppm  were  selected  based  on 
previously-observed  high  methemoglobin  levels  when  60 
ppm  was  used  for  prolonged  periods.  This  study  demon- 
strated an  improvement  in  Pao,^io,  'iid  PVRI/systemic 
vascular  resistance  index  (SVRI)  with  serial  exposure  to 
INO.  It  was  suggested  that  the  greatest  response  was  as- 
sociated with  radiographic  evidence  of  residual  aerated 
lung  regions.  A  sustained  improvement  in  Pao,^io,  was 
observed  with  prolonged  therapy,  and  INO  was  discontin- 
ued with  PEEP  levels  decreased  to  6  cm  HjO  and  F,o, 
requirements  to  0.50.  Methemoglobin  levels  were  elevated 
in  patients  who  received  40  ppm  INO  (3.0  ±  0.3%)  com- 
pared to  those  who  received  10  ppm  INO  (1.6  ±  0.01%). 
The  duration  of  ventilation  in  this  group  was  16  ±  3  days, 
and  mortality  was  45%.  This  study  demonstrated  a  mod- 
erate improvement  in  oxygenation  with  the  initial  random- 
ized doses  and  a  sustained  effect  with  prolonged  therapy. 
It  was  suggested  that  the  chest  radiograph  might  help  de- 
termine which  patients  will  have  a  better  response.  Pa- 
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tients  with  more  diffuse  or  complete  infiltrates  might  re- 
spond less  than  those  with  residually  aerated  lung  regions. 

Goldman  et  aF^  conducted  a  study  to  determine  the 
effect  of  INO  on  pediatric  ARDS  outcome.  They  exam- 
ined the  hypothesis  that  the  magnitude  of  the  acute  response 
to  INO  might  suggest  reversible  lung  disease.  Thirty 
patients  with  ARDS  received  a  trial  of  20  ppm  INO  for 
1  hour,  and  the  patients  were  then  considered  as  3  groups: 
<  15%  change  in  01,  15-30%  change  in  OI,  and  >  30% 
change  in  OI.  The  INO  was  then  continued  at  the  discre- 
tion of  the  attending  physician.  The  mean  01  prior  to  the 
therapy  was  41,  and  mean  duration  of  mechanical  venti- 
lation was  8.4  days.  Ten  patients  were  on  high-frequency 
oscillatory  ventilation,  and  5  received  surfactant  therapy. 
Overall,  there  was  statistically  significant  improvement  in 
oxygenation  data  after  beginning  INO.  All  6  patients 
with  <  15%  response  died,  7  of  the  1 1  patients  with  15- 
30%  response  died,  and  5  of  the  1 3  patients  with  >  30% 
response  to  INO  died  (p  <  0.02).  Overall  mortality  in  this 
entire  patient  population  was  high,  at  60%. 

The  only  randomized  controlled  study  published  to  date 
on  INO  in  pediatric  ARDS  was  by  Day  et  al.^'  Twenty- 
four  pediatric  patients  (mean  age  7  years)  with  ARDS 
(bilateral  infiltrates,  F,o,  >  50%,  and  PEEP  >  6  for  over 
12  h)  were  enrolled  within  48  hours  of  meeting  criteria.  In 
the  first  24  hours  of  the  study,  patients  received  10  ppm 
INO  or  conventional  treatment,  and  after  the  initial  24 
hours  all  patients  received  10  ppm  INO.  They  found  a 
significant  improvement  in  01,  by  17  ±  4%,  after  the  first 
hour,  comparing  INO  to  nitrogen  gas  placebo.  The  effect, 
however,  was  not  sustained  after  24  hours  of  treatment. 
The  INO  group  also  had  9  out  of  1 2  patients  convert  to 
high  frequency  oscillatory  ventilation  after  randomization, 
compared  to  none  in  the  control  group.  Only  7  of  12 
randomized  to  INO  were  responders  demonstrating  a  > 
20%  response  to  treatment.  Five  of  these  patients  sustained 
the  improvement  at  24  hours,  but  this  was  compared  to  4 
of  12  patients  in  the  control  group  who  had  a  >  20% 
improvement.  After  the  initial  24  hours,  the  control  group 
received  INO,  and  had  a  sustained  significant  improve- 
ment in  OI  at  1  hour,  which  was  sustained  24  hours  later. 
The  overall  mortality  in  the  study  population  was  46%. 
Interestingly,  7  deaths  occurred  while  receiving  INO,  and 
6  of  them  were  responders  during  the  initial  hour  of  treat- 
ment. This  study  suggests  that  INO  might  have  a  limited 
therapeutic  role  in  children  with  acute  hypoxemic  respira- 
tory failure.  No  therapeutic  controlled  study  beyond  24 
hours  has  been  done  on  this  subject. 

It  is  clear  from  the  data  presented  that  INO  has  signif- 
icant acute  effects  on  oxygenation  and  pulmonary  hyper- 
tension for  the  majority  of  pediatric  patients  with  ARDS. 
The  lowest  effective  dose  appears  to  be  between  10  and  20 
ppm  INO.  The  improved  oxygenation  effects  are  almost 
instantaneous  clinically  (within  10  minutes  of  initiation  of 


INO).  The  only  placebo-controlled  study,  however,  sug- 
gests that  the  effect  might  not  last  beyond  the  first  hour. 
The  effect  on  outcome  remains  to  be  established.  In  fact, 
a  responder  to  INO  treatment  might  eventually  be  used  for 
prognostic  purposes,  or  might  help  stratify  patients  into 
different  treatment  strategies.  Short-term  risks  appear  to 
be  low.  No  significant  methemoglobinemia  or  nitrogen 
dioxide  levels  were  noted  in  any  of  the  treatment  groups 
who  used  20  ppm  INO  or  less. 

Use  of  INO  in  Chronic  Lung  Disease 

Chronic  Lung  Disease  (CLD)  continues  to  be  a  common 
sequela  in  the  management  of  extremely  premature  in- 
fants.^''-^  The  incidence  of  CLD  varies  widely  and  is  as- 
sociated with  prolonged  ventilator  duration  and  supple- 
mental oxygen. ^^^^  One  complication  of  CLD  is  the 
development  of  increased  pulmonary  vascular  resistance 
leading  to  right-heart  strain  and  eventual  failure.-^-''  Since 
INO  has  pulmonary  vasodilator  qualities,  it  has  been  sug- 
gested that  it  might  be  beneficial  in  the  management  of 
CLD.  A  few  case  series  have  been  reported. 

Lonnqvist  et  aP**  administered  INO  to  9  infants  with 
CLD.  Concentrations  of  6,  10,  30,  and  60  ppm  INO  were 
delivered  for  10-minute  intervals.  A  significant  improve- 
ment in  oxygenation  was  observed,  as  evidenced  by  a 
reduced  01.  The  optimal  dose  response  varied  among  pa- 
tients, and  was  attributed  to  the  varying  degrees  of  CLD, 
with  some  patients  possibly  having  more  vascular  abnor- 
malities. No  change  in  P^co,  was  observed  in  this  study, 
which  might  be  due  to  the  presence  of  dead  space  in  over- 
expanded  lung  regions.  The  effect  of  INO  on  cardiac  func- 
tion was  unattainable,  and  there  were  no  significant  ad- 
verse effects,  including  methemoglobinemia  and  prolonged 
bleeding  times.  The  investigators  suggested  that  random- 
ized studies  of  prolonged  therapy  and  outcome  were  war- 
ranted. 

In  Abman's  series,'*  described  above,  6  CLD  infants 
with  viral  pneumonitis  were  included.  Their  ventilator  re- 
quirements were  significant  for  mean  airway  pressures  of 
20  cm  H2O,  and  baseline  P,,o,  was  49  ±  1 1  mm  Hg.  The 
administration  of  20  ppm  INO  resulted  in  an  increase  of 
P;,o^  to  76  ±  13  mm  Hg  (50%  improvement),  and  subse- 
quent reductions  in  F,o,,  by  0. 1 7  ±  0. 1 1 .  The  survival  rate 
for  these  patients  was  100%.  It  was  suggested  that  INO 
might  be  beneficial  in  non-ARDS  respiratory  failure  such 
as  infants  with  CLD  who  acquire  viral  pneumonitis. 

Similarly,  Thompson  et  aF**  treated  a  2-month-old  in- 
fant with  bronchopulmonary  dysplasia  infected  with  respi- 
ratory syncytial  virus.  On  admission  this  patient  required 
inflation  pressures  of  37  cm  HjO  and  the  01  was  53.  A 
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trial  of  high  frequency  oscillatory  ventilation  was  attempted, 
but  F,o,  requirements  were  still  0.80.  INO  at  40  ppm  was 
delivered  and  oxygenation  immediately  improved  with  F|q^ 
requirements  reduced  to  0.50,  and  01  decreasing  to  21. 
The  duration  of  INO  therapy  was  6  days,  and  the  patient 
was  successfully  weaned  from  ventilatory  support,  and 
was  extubated  on  day  9.  The  use  of  INO  in  this  patient 
improved  oxygenation,  allowed  the  reduction  of  ventilator 
settings,  and  prevented  the  need  for  extracorporeal  life 
support. 

The  use  of  INO  in  patients  with  CLD  may  be  beneficial 
in  improving  gas  exchange  when  additional  pulmonary 
insults  from  infection  occur.  This  might  allow  the  use  of 
less  harmful  ventilator  settings  and  oxygen  concentrations 
that  could  otherwise  further  worsen  the  patient's  underly- 
ing chronic  condition.  It  is  not  clear  if  INO  will  lower 
pulmonary  vascular  resistance  enough  to  improve  right- 
heart  function,  or  if  INO  will  help  remodel  pulmonary 
vasculature. 


Summary 

The  use  of  INO  therapy  in  pediatrics  remains  in  its 
infancy.  As  with  many  other  interventions  in  the  pediatric 
intensive  care  unit,  it  will  be  extremely  difficult  to  gather 
the  numbers  needed  to  get  well-controlled  and  randomized 
data  in  the  pediatric  population.  However,  the  data  pre- 
sented thus  far  are  promising  and  merit  further  study.  Ex- 
haled NO  appears  to  be  a  marker  of  airway  inflammation 
in  many  cases.  INO  does  not  appear  to  be  effective  in 
milder  asthma,  but  needs  to  be  studied  in  severe  asthma  to 
better  assess  its  efficacy  when  more  severe  airway  disease 
is  present.  In  pediatric  ARDS.  INO  improves  oxygenation 
and  should  allow  lower  mechanical  ventilation  support 
and  lessen  complications.  No  clear  outcome  benefit  has 
been  demonstrated  yet,  but  further  well-controlled  study  is 
needed.  The  data  suggest  that  a  subset  of  patients  are 
nonresponders  to  INO.  This  subpopulation  could  eventu- 
ally be  significant  because  it  might  represent  a  subset  who 
need  better  lung  recruitment  strategies.  Similarly,  in  chil- 
dren with  CLD,  INO  appears  to  a  promising  treatment 
option,  but  needs  more  study.  Patients  with  pre-existing 
right  ventricular  work  overload  and  pulmonary  hyperten- 
sion seem  particularly  needy  of  the  benefits  of  INO  when 
confronted  with  a  new  pulmonary  crisis.  In  addition  to  the 
3  areas  discussed  in  this  review,  the  use  of  INO  in  the 
pediatric  ICU  continues  to  be  expanded.  Areas  of  active 
INO  research  include  treatment  of  sickle  cell  disease,  es- 
pecially the  acute  chest  syndrome.'"  the  management  of 
postoperative  congenital  heart  disease,"" ■'-  and  lung  trans- 
plantation.'•'-'-'•'-''  The  data  presented  in  this  review  show 
that  using  INO  in  pediatric  patients  appears  to  be  safe.  No 
significant  adverse  effects  were  reported,  although  the  num- 


bers were  small  in  each  paper.  INO  should  continue  to  be 
studied  in  the  pediatric  population. 
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Discussion 

Hurford:  At  Children's  Hospital 
(Boston)  when  a  child  comes  in  with 
respiratory  syncytial  virus  pneumonia, 
or  something  like  that,  do  they  get  INO 
as  part  of  their  therapy? 

Thompson:  Probably  not.  It's  not 
part  of  our  protocol  to  use  NO  with 
RS  V  pneumonia.  Is  it  your  protocol  to 
use  it? 

Hurford:  No.  What  about  in  other 
forms  of  acute  lung  disease  in  chil- 
dren? Do  you  think  you'll  use  it  just 
in  newborns  and  then  have  a  cutoff  on 
a  particular  age,  or  should  you  have  a 
cutoff  for  a  particular  type  of  disease? 
What  are  you  using  to  differentiate 
this  intermediate  population  from  a 
newborn  population? 

Thompson:  I  don't  think  we  sit 
down  and  do  that.  Let  me  give  you 
my  biased  thoughts.  I  think  that  the 


increased  muscularization  of  the  pul- 
monary vasculature  that  Jay  (Roberts) 
spoke  of  that  may  be  obstructive  in 
newborns,  may  be  very  helpful  in  the 
pediatric  patient;  not  necessarily  the 
300-pound,  16-year-old  boy,  but  more 
toward  the  6-month  and  the  one-year 
old.  I  believe  we're  probably  going  to 
see  a  better  response  to  NO  than  in  the 
adult  population  because  of  this  in- 
creased muscularization  of  the  pulmo- 
nary vasculature.  So,  we  don't  stratify 
them  in  any  way  right  now,  but  I  think 
we  will. 

Hess:  Another  way  of  looking  at  this 
is  extrapolating  from  the  adult  expe- 
rience to  the  pediatric  experience.  I 
don't  think  there  have  been  any  con- 
trolled trials  on  NO  and  pediatric 
ARDS,  and  I  suspect  maybe  there 
won't  be  any.  What  are  the  dangers, 
or  is  it  appropriate  to  extrapolate  the 
results  of  the  adult  trials  of  ARDS  to 
children  with  ARDS? 


Thompson:  Yes,  I  think  the  ARDS 
basket  of  diagnoses  is  the  same  in  pe- 
diatric patients  as  in  adults.  I  don't 
think  you  would  look  at  our  criteria 
for  ARDS  (PEEP  of  6  in  50%  F.oz)  as 
your  criteria.  I  don't  know  of  the  dan- 
gers of  extrapolating  the  adult  expe- 
rience. For  us  to  get  any  significance, 
it's  going  to  have  to  be  multi-center, 
randomized  trials.  But  I  don't  think 
we're  going  to  do  that. 

Channick:  Just  a  follow-up.  I  guess 
when  you  determine  that  it's  extrapo- 
lating, it's  really  going  to  come  down 
to  etiologies  of  ARDS.  I'm  .sure  we'll 
get  into  this  a  lot  more  in  the  next 
talk,  but,  theoretically,  in  diseases 
where  primary  lung  injury  is  the  pre- 
dominant pathophysiology,  NO  is 
more  likely  to  beneficially  alter  out- 
come, and  so  I  guess  we  would  ask 
what  would  be  the  typical  etiologies 
of  pediatric  ARDS?  Is  it  sepsis  and 
trauma,  like  we  see  in  adults? 
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Thompson:  I'dhavetosay  all  those 
are  pretty  much  the  same.  I  think  the 
one  difference  that  we  see  that  you 
don't  see  is  primary  pulmonary 
diseases.  We  don't  see  as  much  of  the 
multisystems  failure  that  you  proba- 
bly see.  We  don't  have  patients  com- 
ing in  after  20  years  worth  of  ham- 
burgers and  french  fries  and  heart 
conditions  like  that.  We  treat  patients 
with  strong  hearts  and  diseased  lungs. 

Head:  Most  of  your  NO  work  is 
with  congenital  heart  disease.  Is  that 
correct? 

Thompson:     Correct. 

Head:  I  am  curious  regarding  your 
protocol.  At  what  point  in  time  did 
you  initiate  NO  in  these  patients? 
Before  surgery,  during  surgery,  or  af- 
ter surgery?  And  at  what  dose  do  you 
start  it? 

Thompson:  We  are  still  at  the  80 
ppm  testing.  So  all  of  our  patients  have 
an  initial  trial  of  80  ppm.  It  depends 
on  the  patient  population.  We  have 
about  30%  of  our  patients  in  the  cath 
lab.  Most  of  the  other  patients  are  pre- 
operative or  postoperative. 

Head:  So  you're  not  using  it  intra- 
operatively? 

Thompson:  Very  seldom.  The  only 
time  that  we  really  get  called  down  to 
the  operating  room  is  when  they  can't 
get  off  the  pump. 

Bigatello:  I  have  a  question  on  one 
of  the  3  categories  that  you  discussed: 
the  chronic  lung  disease.  You  showed 
some  very  nice  results  with  NO  de- 
creasing the  F,o,  and  the  oxygenation 
index,  which  is  probably  actually  a 
little  better  than  in  the  adult  experi- 
ence. But  I  think  we've  seen  a  nice 
response  in  many  applications  of  NO. 
What  I  am  getting  increasingly  con- 
cerned about  clinically  is  how  long 
the  response  lasts.  Are  any  of  your 


studies  long-term?  Did  these  patients 
actually  get  off  the  ventilator  and  con- 
tinue to  get  better  on  NO,  or  was  this 
a  spot-check  result? 

Thompson :  Most  of  them  were  spot 
checks  and  not  long-term.  Our  mor- 
tality rate  has  not  changed.  I  don' t  think 
we're  getting  patients  off  much  better 
with  NO.  Our  mortality  rate  is  still  as 
high. 

Pearl:  The  last  line  of  your  text  had 
an  intriguing  statement,  "help  remodel 
pulmonary  vasculature."  That's 
clearly  of  interest  for  adult  pulmonary 
hypertension  patients,  and  I  suspect 
Dr  Channick  will  discuss  some  of  that, 
but  could  you  expand  on  it?  Was  that 
just  a  conceptual  possibility,  or  are 
there  some  data  in  the  pediatric  pop- 
ulation? 

Thompson:  We  have  some  data:  a 
total  of  4  patients  with  infantile  pri- 
mary pulmonary  hypertension.  Three 
of  them  have  been  published. '  Those 
patients  were  put  on  long-term  25-day 
NO.  And  with  what  would  be  a  lethal 
disease,  we  had  3  of  the  4  survive.  In 
fact,  at  day  25,  the  pulmonary  vascu- 
lar resistance  had  dropped  dramati- 
cally, and  as  far  as  a  year  out  contin- 
ued to  stay  low. 
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Hess:  I'd  like  to  get  back  again  to 
INO  in  bronchopulmonary  dysplasia. 
I  don't  take  care  of  kids  much,  but  I 
think  of  bronchopulmonary  dysplasia 
as  being  like  chronic  obstructive  pul- 
monary disease  in  adults,  and  the  lit- 
erature, as  I  understand  it,  as  far  as 
INO  in  chronic  obstructive  pulmonary 
disease,  is  that  it  many  times  does  not 
improve  oxygenation.  I  guess  that's 
been  attributed  to  getting  the  NO  into 


areas  of  low  ventilation-perfusion  and 
increasing  blood  flow  to  those  areas, 
and  thus  making  the  ventilation-per- 
fusion worse.  Any  comment  on  that? 

Thompson:  Again,  no  data,  but  I 
certainly  have  comments,  and  that  is 
that  the  alveolar  wall  destruction  that 
you  see  in  chronic  obstructive  pulmo- 
nary disease  we  certainly  have  in  bron- 
chopulmonary dysplasia  also,  and 
those  areas  that  have  a  very  high  dead 
space,  I  don't  think  those  patients  with 
severe  bronchopulmonary  dysplasia 
are  going  to  respond  to  NO.  I  think 
the  Lonnqvist  paper,'  indicated  that 
the  more  chronic  lung  disease  they  had, 
the  less  they  responded. 
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Hurford:  We  have  a  series' of  about 
7  or  8  children  with  bronchopulmo- 
nary dysplasia  that  we've  looked  at 
short-term,  presented  as  an  abstract, 
that  had  an  absolutely  unappealing  re- 
sponse to  INO:  basically  no  effect  at 
all  in  any  of  the  children  as  far  as 
acute  oxygenation,  hemodynamics,  or 
anything  else.  Echoing  that  these 
children  probably  have  fixed  disease, 
high  dead  space,  and  it's  probably  an 
inappropriate  treatment  for  this  type 
of  disease. 
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Thompson:     Did  any  of  them  have  a 
negative  effect? 

Hurford:     No. 
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Introduction 

Acute  lung  injury  and  its  aggravated  form,  acute  respi- 
ratory distress  syndrome  (ARDS),  is  characterized  by  a 
sudden,  mostly  generalized  inflammation  of  the  lung, 
which,  in  the  further  course,  induces  (1)  non-cardiogenic 
pulmonary  edema,  (2)  pulmonary  arterial  hypertension, 
(3)  reduction  of  total  compliance  of  the  lung,  and  4)  pro- 
gressive systemic  hypoxemia  due  to  a  pulmonary  ventila- 
tion/perfusion-mismatching,  leading  to  an  increased  in- 
trapulmonary  right-to-left  shunt  area.  Pulmonary 
hypertension  causes  a  rise  of  the  microvascular  filtration 
pressure  in  the  lung  and,  therefore,  development  of  an 
interstitial  pulmonary  edema,  as  well  as  overstress  and 
dysfunction  of  the  right  ventricle.  Until  recently,  the  only 
therapeutic  means  of  re-establishing  a  safe  level  of  oxy- 
genation in  patients  with  ARDS  was  mechanical  ventila- 
tion with  high  inspiratory  oxygen  concentrations  (fraction 
of  inspired  oxygen  [F,q  ])  and  positive  end-expiratory  pres- 
sure (PEEP).  Such  an  approach  could  be  counter-produc- 
tive in  some  patients  because  high  O2  concentration  and 
high  airway  pressure  can  cause  further  lung  damage  due  to 
O2  toxicity  and  pulmonary  barotrauma.  A  pharmacologic 
approach  is  emerging  as  an  adjunct  to  conventional  man- 
agement, and  aims  to  decrease  the  need  for  high  O,  con- 
centrations and  high  airway  pressures.  The  objective  of 
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most  of  these  newer  modalities  is  to  redistribute  the  pul- 
monary blood  flow  preferentially  toward  well-ventilated 
alveoli. 

Ventilation-perfusion  mismatch  is  one  of  the  hallmarks 
of  ARDS.  In  the  lung,  regions  of  normal  ventilation/per- 
fusion  ratio  (V/Q)  coexist  with  regions  of  low  V/Q.  A 
large  proportion  of  the  lung,  which  appears  ventilated  on 
chest  radiograph  and  computerized  thoracic  scan,  is  poorly 
perfused  or  not  perfused  at  all  (alveolar  dead  space).  At  the 
same  time,  part  of  the  nonventilated  zones  continue  to  be 
perfused  due  to  the  failure  of  hypoxic  pulmonary  vaso- 
constriction (HPV),  a  reflex  which  tends  to  limit  the  pul- 
monary blood  flow  perfusing  poorly  oxygenated  alveolar 
spaces.  High  tidal  volumes  (Vy)  and,  consequently,  high 
airway  pressures  are  needed  to  maintain  normal  arterial 
carbon  dioxide  tension  (PacoJ  '"  the  face  of  increased 
alveolar  dead  space. 

Acute  pulmonary  hypertension,  which  is  frequently  ob- 
served in  patients  with  ARDS,  is  a  result  of  pulmonary 
vasoconstriction  characterizing  the  early  stages  of  ARDS, 
and  of  the  remodeling  of  pulmonary  vasculature  that  is 
observed  in  the  late  stages  of  ARDS.  This  pulmonary  va- 
soconstriction can,  in  turn,  be  due  to  the  HPV  reflex  or 
chemical  mediators  such  as  thromboxane  A,  and  platelet 
activating  factor.  Anatomical  remodeling  consists  of  mus- 
cular hypertrophy,  microthrombosis,  fibrosis,  and  destruc- 
tion of  pulmonary  vessels.  Theoretically,  selective  con- 
striction of  the  pulmonary  vessels  in  the  nonventilated 
zones  or  selective  vasodilation  in  the  ventilated  zones 
should  decrease  the  V/Q  mismatch.  Administration  of  se- 
lective pulmonary  vasoconstrictors  and  vasodilators  is  the 
basis  of  the  pharmacologic  approach  to  hypoxemia  during 
ARDS.  Ideally,  these  vasoactive  drugs  act  on  the  pulmo- 
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nary  circulation  wiiile  having  little  or  no  effect  on  sys- 
temic circulation. 

Nitric  oxide  (NO)  is  a  multipotent  endogenous  messen- 
ger molecule  that  is  extensively  involved  in  the  regulation 
of  vascular  tone.  NO  is  also  a  well  known  environmental 
pollutant,  emanating  from  internal  combustion  engines  and 
factories.  NO  is  toxic  in  higher  concentrations,  and  the 
legal  limit  for  NO  occupational  exposure  is  25  parts  per 
million  (ppm).  However,  NO  gas  mixed  in  nitrogen  can  be 
used  for  medical  purposes  as  an  inhalable  drug,  adminis- 
tered together  with  the  inspiratory  gas.  NO  passes  through 
the  alveolar  membrane  and  reaches  the  blood  in  the  pul- 
monary vasculature,  where  it  is  taken  up  and  possibly 
absorbed  by  hemoglobin  before  it  reaches  the  systemic 
circulation.  Inhaled  NO  (INO)  is  considered  a  selective 
pulmonary  vasodilator  because  it  dilates  the  pulmonary 
vasculature  that  is  in  contact  with  ventilated  alveoli,  while 
having  no  effect  on  the  resistance  of  the  systemic  vascu- 
lature. 

Nitric  Oxide  Inhalation  in  ARDS:  First  Trials 

Furchgott  and  Zawadzki  were  the  first  to  describe  the  in 
vitro  phenomenon  that  vascular  relaxation  requires  the  pres- 
ence of  an  intact  vascular  endothelium.'  Later,  NO  was 
identified  as  the  active  agent  of  endothelium  derived  re- 
laxing factor.--*  Characterization  of  NO  synthesis  and  the 
pathophysiologic  pathways  of  NO  vasodilation  quickly  fol- 
lowed.'*'' Meanwhile.  NO  was  also  found  to  be  synthe- 
sized by  brain  cells,  macrophages,  epithelial  cells,  and 
platelets,  acting  as  a  neurotransmitter,  mediator  of  cellular 
immunological  processes,  and  modulator  of  platelet  aggre- 
gation and  adhesion,  for  example,  during  inflammation.^ 
However,  NO  is  not  only  a  physiologic  mediator,  but  also 
an  environmental  gas  that  results  from  combustion,  and 
quickly  oxidizes  into  NOj.  NO  is  extremely  lipophilic  and 
tends  to  bind  to  the  ferruginous  heme  group.  After  inha- 
lation, exogenous  NO  freely  diffuses  into  the  alveolar  cap- 
illaries and  within  seconds  binds  to  the  heme  group  of 
hemoglobin  with  a  1,500-fold  higher  affinity  than  carbon 
monoxide.''  The  resulting  nitrosyl-hemoglobin  is  unstable, 
oxidizes  to  methemoglobin,  and  transforms  to  nitrates.  The 
nitrates  are  metabolized  unspecifically  and  excreted 
through  the  kidneys. 

When  the  biological  relevance  and  the  physiologic  path- 
ways of  NO  became  clear,  the  question  arose  as  to  whether 
gas-phase  NO  might  have  a  therapeutic  use.  It  was  theo- 
rized that  INO,  similar  to  endogenous,  endothelium-de- 
rived  NO,  should  be  able  to  induce  vasodilation.  And  be- 
cause NO  binds  rapidly  to  hemoglobin,  within  seconds  of 
diffusing  into  the  intravascular  space,  INO  might  be  inac- 
tivated immediately  without  influencing  the  systemic  cir- 
culation, thus  acting  as  a  selective  pulmonary  vasodilator. 
Animal  studies  (lasting  as  long  as  6  months)  on  the  tox- 


icity of  INO  found  no  evidence  of  adverse  effects  using 
NO  doses  of  less  than  40  ppm.**''  The  first  pilot  studies 
in  humans,  conducted  by  Higenbottam  et  al  in  1988,  dem- 
onstrated that  the  inhalation  of  NO  was,  indeed,  able  to 
reduce  pulmonary  hypertension  in  adult  patients  without 
major  effects  on  the  systemic  circulation.'"  "  Animal  ex- 
periments by  Frostell  and  Pison  revealed  that  INO  was 
also  able  to  reverse  hypoxic  pulmonary  vasoconstriction 
without  impairing  pulmonary  gas  exchange.'-'^  Two  other 
research  groups  found  that  INO  can  be  useful  in  treatment 
of  persistent  pulmonary  hypertension  of  the  newborn.''*''* 
In  all  these  studies,  INO  was  administered  at  doses  ranging 
between  5  ppm  and  80  ppm,  and  no  critical  adverse  effects 
such  as  systemic  hypotension  or  methemoglobinemia  were 
observed. 

Falke  et  al  conducted  the  first  INO  treatment  of  ARDS 
patients,  using  doses  of  1 8  ppm  and  36  ppm.  The  observed 
effects  on  hemodynamics  and  pulmonary  gas  exchange 
were  compared  with  the  effects  after  treatment  of  the  same 
patients  by  intravenous  infusion  of  prostacyclin  (PGIi), 
using  iJ  dose  of  4  ng/kg/min.'"  Later  research  by  Rossaint 
et  al  revealed  that  both  INO  and  infused  prostacyclin  can 
reduce  pulmonary  vascular  resistance  by  about  20%.''' 
While  INO  did  increase  arterial  oxygenation  significantly, 
it  did  not  induce  any  significant  change  in  systemic  he- 
modynamics, in  contrast  to  prostacyclin,  which  caused  sys- 
temic hypotension  and  a  decrease  of  arterial  oxygen  sat- 
uration (Fig.  1).  Measuring  the  ventilation/perfusion  ratio 
by  multiple  inert  gas  elimination  technique,  it  was  found 
that  intrapulmonary  shunt  area  was  increased  by  infusion 
of  prostacyclin.  By  contrast,  inhalation  of  18  and/or  36 
ppm  NO  decreased  the  area  of  intrapulmonary  shunt,  be- 
cause of  redistribution  of  pulmonary  blood  flow  toward 
areas  with  nearly  normal  ventilation/perfusion  ratios.  Daily 
tests  of  INO  efficacy  using  a  20-minute  shut-off  followed 
by  re-administration  of  NO  inhalation  (so-called  "on-off- 
on  measurements")  found  that  this  beneficial  effect  of  INO 
was  also  observed  in  long-term  studies  with  doses  of  less 
than  20  ppm  INO.'^  Severe  adverse  effects,  especially  the 
formation  of  toxic  metabolites  of  NO  such  as  methemo- 
globin or  nitrogen  dioxide  (NOj)  were  not  observed,  even 
during  long-term  INO  treatment.  ; 

Adverse  Effects  | 

During  several  clinical  trials  it  was  reported  that,  espe- 
cially after  long-term  INO  treatment,  patients  need  a  spe- 
cial weaning  procedure  to  terminate  NO  inhalation.  Re- 
bound phenomena  regarding  both  systemic  oxygenation 
and  pulmonary  hypertension  indicate  that  patients  can  de- 
velop INO  dependence.'^  These  effects  are  probably  due 
to  inhibition  of  the  endothelial  nitric  oxide  synthase  (NOS) 
by  the  exogenously  supplied  NO,  which  was  demonstrated 
in  vitro  using  NO  donors,"  as  well  as  gas-phase  NO.-° 


Respiratory  Care  •  February  1999  Vol  44  No  2 


185 


Inhaled  Nitric  Oxide  for  Acute  Respiratory  Distress  Syndrome 


Pa02/Fi02  (mmHg)       Qva/Qt  (%) 
* 


bll^Jft 


80 


60 


40 


Control 


NO  inh.,        Control        Control        NO  inh.,        Control 
P6I2  i.v.  PGI2  i.v. 

^  NO    "  PGI2 

Fig.  1.  Effect  of  inhaled  nitric  oxide  (NO  inh.)  (18  parts  per  million)  versus  intravenous  prostacyclin  (PGI2  i.v.)  on  systemic  oxygenation 
(Pgo^/Fioj)  (left  side  of  figure)  and  venous  admixture  (Qva/Qj)  (right  side  of  figure).  Compared  to  controls  before  and  after  measuring  the 
effect,  PGI2  i.v.  (black  bars)  decreased  PaOz^FiOs  by  enhancing  venous  admixture.  In  contrast,  inhaled  NO  (open  bars)  resulted  in  a  significant 
improvement  of  systemic  oxygenation  by  decreasing  the  intrapulmonary  right-to-left  shunt.  (Modified  from  Reference  1 7,  with  permission.) 


Thus,  vasoconstriction  in  the  ventilated  areas  may  recur  if 
NO  is  withdrawn  suddenly. 20  These  findings,  combined 
with  other  studies  showing  that  the  absolute  level  of  the 
pulmonary  arterial  pressure  (PAP)  is  a  marker  for  the  se- 
verity of  pulmonary  microvascular  injury  in  ARDS,^'  and 
that  pulmonary  hypertension  is  associated  with  impaired 
NO  production,^^  support  the  hypothesis  that  even  low 
doses  of  NO  might  reduce  PAP  in  severe  cases  of  acute 
lung  injury  because  endogenous  NO  production  by  the 
pulmonary  vascular  endothelium  is  considerably  impaired 
under  these  circumstances.'^'^  This  was  underlined  by  the 
observation  that  intravenous  administration  of  inhibitors 
of  endogenous  NOS  increases  systemic  and  pulmonary 
vascular  resistance  in  septic  patients  with  vasoplegia,  but 
has  little  or  no  effect  in  ARDS  patients  who  had  received 
INO  for  a  longer  period. 

Other  studies  have  found  that  administering  INO  pro- 
longs bleeding  time  in  animals  and  healthy  humans^^z-* 
and  inhibits  platelet  aggregation  in  patients  with  ARDS. 2'' 
Case  reports  point  to  the  danger  of  serious  bleeding  dis- 
orders arising  from  NO  inhalation,  which  can  lead  to  in- 
tracerebral hemorrhage  and  death. ^^  In  vitro,  NO  released 
from  endothelial  cells  inhibits  platelet-adhesion  to  endo- 
thelium,^''  inhibits  platelet-aggregation,^'*  and  has  disag- 
gregating properties. 2'  Endogenous  NO,  produced  by  a 
Ca^"^  and  NADPH-dependent  cytosolic  NO  synthase 
(NOS)  via  the  L-arginine/NO  pathway,  downregulates 
platelet  aggregability.  This  was  found  to  be  an  intra-plate- 
let  negative  feedback  mechanism  that  modulates  platelet 
response  after  stimulation."*"  Similar  to  smooth  muscle 
cells,  the  inhibitory  effect  of  NO  on  platelets  is  mediated 
through  cyclic  guanidine  monophosphate,  which  inhibits 


the  phospho-inositide  pathway  regulating  phospholipase  C 
and  indirectly  increases  cyclic  adenosine  monophosphate 
by  inhibiting  cyclic  adenosine  monophosphate-specific 
phosphodiesterase. 32  As  a  result  of  the  interaction  of  NO 
with  intracellular  signal  transduction,  platelet  aggregation 
decreases  by  inhibition  of  Ca^"^,  release  of  granule  con- 
tents, and  phosphorylation  of  proteins.^^  Thus,  NO  plays 
an  important  role  in  regulation  of  vascular  homeostasis  by 
controlling  vascular  tone  and  platelet  function. 

Whereas  NO-platelet  interactions  were  intensively  stud- 
ied by  numerous  investigators  using  functional  assays,  mea- 
surement of  secreted  granule  contents,  ligand  binding  to 
receptors,  and  analysis  of  intra-platelet  activation  depen- 
dent metabolic  pathways,  little  data  exist  about  the  effects 
of  NO  on  platelet  cell-surface  adhesion  receptor  expres- 
sion during  activation  with  a-thrombin,  as  measured  by 
flow  cytometry.^-*  Keh  et  al  investigated  the  modulating 
effects  of  the  NO  releasing  compound  SIN- 1  -''-'*  on  the  avail- 
ability of  different  functional  platelet  adhesion  receptors 
by  flow  cytometry.-^*  Using  a  specific  antibody  (PAC) 
against  the  activated  form  of  the  fibrinogen  receptor  gly- 
coprotein GP  Ilb-IIIa,  it  was  found  that  SIN-1  has  a  dose- 
dependent  inhibitory  effect  on  GP  Ilb-IIIa  activation.  As 
well,  the  inhibition  of  a-thombin-induced  platelet  activa- 
tion by  SIN-1  was  found  to  be  possible  up  to  60  min  after 
activation.-^^  That  is,  in  vivo,  INO  can  induce  bleeding 
disorders  by  disaggregating  platelets,  even  when  bleeding 
does  not  occur  initially  after  surgical  interventions.  This  is 
important  in  terms  of  defining  inclusion  and  exclusion 
criteria  for  future  clinical  studies  of  INO  in  acute  lung 
injury,  although  none  of  the  controlled  clinical  studies 
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Fig.  2.  Systemic  oxygenation  (PaOs^Fioj)  values  for  tlie  pooled  in- 
haled nitric  oxide  (INO)  treatment  group  (solid  line)  and  placebo 
group  (dashed  line)  over  the  first  7  days.  Note  that  the  beneficial 
effect  of  INO  on  arterial  oxygenation  is  only  significant  (*)  during 
the  first  24  hours.  (Modified  from  Reference  38,  with  permission.) 


performed  so  far  on  INO  treatment  of  ARDS  patients  has 
shown  any  increase  in  bleeding  disorders  (see  below). 

Review  of  Controlled  Studies 

The  determination  that  INO  reduces  pulmonary  hyper- 
tension and  increases  systemic  oxygenation  in  ARDS  pa- 
tients led  to  the  question  of  whether  INO  might  be  able  to 
improve  outcomes  in  terms  of  reducing  mortality  or  inten- 
sive care  unit  ventilation  time.  Retrospective  matched- 
paired  analysis  revealed  that  there  was  no  difference  in 
survival  rate  between  ARDS  patients  who  had  received 
INO  therapy  and  those  who  had  not  (survival  rate  in  both 
groups  was  69%).  Further,  no  differences  were  found  in 
the  duration  of  ventilation  or  intensive  care  unit  stay." 
Recently,  the  first  prospective  randomized,  double-blind, 
placebo-controlled,  phase  II,  multi-center  trial,  involving 
177  ARDS  patients,  was  published  by  Dellinger  et  al  to 
evaluate  safety,  physiologic  response,  and  outcome  pa- 
rameters of  different  doses  of  INO  (1.25-80  ppm)."***  The 
same  type  of  ventilator  and  NO  delivery  system  was  used 
for  each  patient,  and  NO  treatment  was  performed  accord- 
ing to  a  strict  protocol.  During  the  first  4  hours  after  ini- 
tiation of  treatment,  ventilator  settings  were  not  changed, 
and  improvement  of  oxygenation  reflected  the  acute  effects 
of  NO  inhalation.  In  the  time  period  after  the  first  4  hours, 
ventilator  settings  were  adjusted  to  achieve  the  target  ox- 
ygenation index.  Sixty  percent  of  patients  responded  to 
INO  with  >  20%  increase  in  arterial  oxygen  tension  (Pao,) 
which  allowed  a  reduction  of  F,o,-  However,  this  change 
was  significant  only  on  the  first  day  of  treatment  (Fig.  2), 
and  the  reduction  of  F,o,  was  modest  (0.71  ±0.14  vs 
0.69  ±  0.13).  In  the  NO  group,  the  oxygenation  index 
remained  lower  during  the  first  4  days,  and  mean  PAP 
remained  lower  (~2  mm  Hg)  for  2  days.  During  the  initial 
4-hour  observation  period,  however,  24%  of  the  placebo 
group  also  had  a  >  20%  increase  in  P.,o,.  There  were  no 
differences  between  the  NO  and  placebo  group  with  re- 
spect to  mortality  or  the  number  of  days  the  patients  sur- 


vived after  meeting  oxygenation  criteria  for  extubation.  A 
post  hoc  analysis  revealed  that  in  the  group  receiving  5 
ppm  NO,  the  percentage  of  patients  alive,  as  well  as  of 
patients  weaned  from  mechanical  ventilation  at  day  28 
after  study  inclusion,  was  higher  than  in  the  placebo  group. 
However,  when  56  additional  patients  who  were  discon- 
tinued from  NO  tieatment  before  meeting  oxygenation 
threshold  criteria  (mainly  due  to  death)  were  included  in 
the  analysis,  mortality  of  the  NO  group  was  even  higher 
(38%  vs  30%). 

A  randomized  trial  by  Micheal  et  al  investigated  acute 
effects  of  INO  on  oxygenation  parameters  in  40  patients 
with  ARDS  during  the  first  3  days  of  treatment. ^"^  Similar 
to  the  results  from  Dellinger  et  al,^**  INO  therapy,  com- 
pared to  conventional  therapy,  increased  P;,oyFio,  on'y 
during  the  first  day.  After  24  hours  the  two  groups  had  an 
equivalent  improvement  in  P;,oyF|o,'  ^"^  during  the  72 
hours  following  inclusion,  reduction  of  F,q^  (>  0.15)  was 
not  significantly  different  with  or  without  INO.  Another 
30  ARDS  patients  were  enrolled  in  a  randomized,  con- 
trolled pilot  study  by  Troncy  et  al.""'  Again,  improvement 
of  oxygenation  and  reduction  of  venous  admixture  was 
significant  only  during  the  first  24  hours  of  NO  inhalation, 
and  there  was  no  significant  difference  between  the  NO 
group  and  controls  with  regard  to  the  30  day  mortality  or 
days  of  mechanical  ventilation.  Preliminary  results  from  a 
European  multi-center  study  of  more  than  200  patients 
with  acute  lung  injury  showed  no  improvement  in  survival 
or  duration  of  ventilation  with  INO.^'  Furthermore,  there 
was  a  more  frequent  incidence  of  renal  failure  in  the  NO 
group  (35%  vs  16%),  which  was  one  major  reason  to 
discontinue  the  study  before  the  initial  protocol  was  fin- 
ished. The  latter  finding,  however,  is  in  contrast  to  the 
previously-mentioned  studies,""^"  none  of  which  found 
adverse  effects  from  INO  on  renal  function  or  bleeding 
disorders. 

In  conclusion,  when  focusing  on  outcome,  INO  treat- 
ment seems  to  have  no  advantage  for  ARDS  patients.  How- 
ever, aiming  for  the  primary  target  of  NO  therapy  (selec- 
tive pulmonary  vasodilation  with  subsequent  improvement 
of  systemic  oxygenation  and  pulmonary  hypertension), 
there  was  a  sustained  effect  (probably  more  pronounced 
with  low  doses  of  INO)  in  the  majority  of  patients  within 
the  first  24  hours  of  treatment,  which  allowed  reduction  of 
the  ventilator  settings  for  F|q^  and  airway  pressure. 

INO  Dose  Levels  in  ARDS 

The  first  studies  of  INO  for  treatment  of  ARDS"  found 
no  significant  difference  between  INO  concentrations  of 
18  ppm  and  36  ppm  with  regard  to  INO's  effect  on  pul- 
monary resistance  and  systemic  oxygenation.  Patients  de- 
veloped no  tachyphylaxis,  but,  rather,  seemed  to  become 
dependent  on  INO,  even  when  the  course  of  the  disease 
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Fig.  3.  Time  course  and  dose  response  of  inhaled  nitric  oxide  (INO)  for  oxygenation  and  puimonary  artery  pressure.  A:  Representative 
example  for  a  continuous  registration  of  arterial  oxygen  tension  (PaOj)  (solid  line,  left  y-axis)  and  mean  pulmonary  artery  pressure  (PAPn^eaJ 
(dotted  line,  right  y-axis)  during  inhalation  of  NO.  Inhalation  periods  with  the  inspiratory  doses  of  NO  are  indicated  above  the  x-axis,  which 
represents  the  time  of  measurement.  B:  Dose  response  for  P^^^  (upper  part)  and  PAP  (lower  part)  to  inspiratory  NO  doses  (x-axis).  Values 
are  means  ±  SD  (n  =  12),  expressed  as  percentage  (y-axis)  of  effect  compared  to  the  initial  value  (  =  0%  effect)  and  the  highest  registered 
alteration  (  =  100%  effect).  The  estimated  median  effective  dose  (EDsq)  of  NO  for  improvement  of  arterial  oxygenation  (dotted  line,  upper 
part)  and  for  reduction  of  PAP  (dotted  line,  lower  part)  are  indicated  on  the  x-axis.  Note  the  different  ED50  for  PgOj  and  PAP,  and  the 
diminished  effect  of  100  ppm  NO  compared  to  1  ppm  and/or  10  ppm  NO  on  the  arterial  oxygenation.  (Reprinted  from  Reference  42,  with 
permission.) 


was  positive.  We  tested  the  dose  response  of  INO  on  se- 
lective pulmonary  vasodilation  in  patients  with  severe 
ARDS,  using  INO  concentrations  ranging  between  1 0  parts 
per  billion  (ppb)  and  100  ppm,  and  found  that  an  improve- 
ment of  systemic  oxygenation  by  NO  can  be  achieved  with 
much  lower  doses  of  NO  than  have  been  used  in  previous 
studies.  We  found  that  the  median  effective  dose  (ED,„) 
for  increasing  oxygenation  was  approximately  0. 1  ppm.  In 


addition,  the  best  dose  for  improved  oxygenation  is  dif- 
ferent from  that  for  optimal  reduction  of  pulmonary  resis- 
tance (ED50  >  2  ppm)  (Fig.  3).''2  The  optimal  improve- 
ment of  systemic  oxygenation  is  usually  obtained  with  10 
ppm  NO;  higher  doses  of  NO  can  reverse  the  beneficial 
effect.  In  some  cases,  however,  ARDS  patients  have  had 
an  impressive  effect  with  INO,  demonstrating  the  best 
systemic  oxygenation  with  1  ppm  NO,  whereas  higher 
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doses  (eg,  100  ppm)  showed  effects  similar  to  systemic 
vasodilators  (ie,  deteriorated  systemic  oxygenation  due  to 
increased  intrapulmonary  right-to-left  shunt  areas).  By  con- 
trast, pulmonary  resistance  decreased  in  direct  proportion 
to  the  INO  concentration  (ie,  pulmonary  resistance  con- 
tinued to  decrease  as  INO  concentration  increased). 

The  response  to  INO  varied  both  between  patients  and 
in  individual  patients  during  INO  treatment.  Some  patients 
were  nonresponders  (ie,  they  showed  little  or  no  improve- 
ment from  INO  treatment).  Among  the  responders.  the 
optimal  INO  concentration  to  enhance  systemic  oxygen- 
ation was  from  0.5  to  100  ppm.  In  some  patients,  long- 
term  INO  in  the  range  of  0.06  ppm  to  0.25  ppm  (after  the 
individual  dose  response  study)  corresponded  to  as  much 
as  2  weeks  of  improved  systemic  oxygenation.'"  The  latter 
concentration  range  is  similar  to  the  endogenous  NO  con- 
centration produced  in  the  upper  airways  and  autoinhaled 
during  normal  ventilation.'*'''*^  Thus,  low-dose  INO  might 
be  considered  a  replacement  therapy,  since  mechanical 
ventilation  disallows  the  natural  autoinhalation  of  endog- 
enous NO  from  the  upper  airways. 

We  also  performed  a  prospective,  randomized,  placebo- 
controlled  single-center  clinical  trial  on  the  time-depen- 
dent dose  response  characteristics  of  long-term  NO  inha- 
lation in  patients  with  severe  ARDS.  The  patients  were 
evaluated  according  to  a  standard  protocol.  At  the  time  of 
inclusion,  none  of  the  patients  received  venovenous  extra- 
corporeal membrane  oxygenation.  After  an  initial  dose 
response  analysis  of  INO.  using  inhalation  concentrations 
ranging  from  0.01  up  to  100  ppm  NO.  patients  were  ran- 
domized. The  INO  group  received  continuous  administra- 
tion of  10  ppm  NO,  regardless  of  their  response  with  re- 
spect to  systemic  oxygenation  or  pulmonary  hypertension. 
Every  day,  the  effect  of  the  NO  inhalation  was  controlled 
(on-off-on  tests).  After  48  hours,  a  2nd  dose  response  curve 
was  charted,  as  well  as  afterwards  in  a  48-hour  time  course. 
NO  inhalation  in  the  NO  group  was  continued  until  the 
F,o,  could  be  reduced  to  0.4  for  keeping  the  Pao/Fio, 
higher  than  60  mm  Hg  under  pressure-controlled  ventila- 
tion with  a  maximum  PEEP  of  10  cm  HjO. 

A  statistical  analysis  of  40  patients  (20  patients  receiv- 
ing INO  and  20  patients  not  receiving  INO)  revealed  that 
both  groups  had  no  significant  differences  at  time  of  in- 
clusion in  the  study  with  respect  to  epidemiology,  includ- 
ing the  initial  catastrophic  event,  hemodynamics,  gas  ex- 
change, and  other  parameters.  The  initial  dose  response 
curves  for  systemic  oxygenation  and  reduction  of  pulmo- 
nary hypertension  were  identical,  demonstrating  a  peak 
effect  for  oxygenation  at  1 0  ppm  NO,  as  described  above.''- 
In  the  subsequent  days,  there  was  an  overall  tendency 
towards  improved  oxygenation  and  decreased  pulmonary 
hypertension.  Interestingly,  the  data  for  PAP  after  48  hours 
indicated  that  a  sudden  shut-off  of  NO  resulted  in  a  higher 
PAP  baseline  compared  to  the  control  group.  That  is,  that 


the  patients  were  sensitized  for  INO.  Furthermore,  the  NO 
effect  in  the  control  group  was  no  longer  significant.  This 
suggests  that  NO  treatment  might  not  really  be  beneficial, 
since  the  PAP  in  the  NO  group  during  NO  inhalation  was 
not  significantly  different  from  the  baseline  PAP  in  the 
control  group. 

Similar  data  were  found  for  the  systemic  oxygenation. 
Compared  to  the  control  group,  the  initial  reduction  of  Fjo, 
in  the  NO  group,  due  to  the  positive  effect  of  INO  on 
systemic  oxygenation,  was  only  significant  at  the  day  of 
inclusion.  This  agrees  with  results  from  other  published 
randomized  studies.'**  '♦'  Thus,  we  doubt  the  assertion  that 
INO  makes  it  possible  to  reduce  aggressive  ventilation. 
Further  studies  are  needed  to  clarify  if  this  phenomenon  is 
due  to  inhibition  of  endogenous  NO  synthesis,  or  to  an 
interaction  of  high  oxygen  concentrations  with  NO,  pos- 
sibly inducing  toxic  metabolites  such  as  NOj  or  peroxyni- 
trite.  The  outcome  in  terms  of  survival,  intensive  care  unit 
stay,  or  ventilation  days  (whether  for  all  patients  or  only 
for  those  who  survived)  was  identical  in  both  groups.  Pa- 
tients from  the  NO  group,  however,  required  significantly 
less  venovenous  extracorporeal  membrane  oxygenation 
than  control  patients.  The  total  number  of  patients  is  very 
small,  but  these  data  indicate  that  INO  might  be  consid- 
ered as  a  bridging  therapy  for  severe  hypoxemia  in  lieu  of 
more  invasive  and  expensive  strategies. 

Another  interesting  finding  of  the  latter  study  was  that 
the  time  course  of  dose  response  curves  from  the  patients 
differed  depending  on  the  initial  randomization.  Control 
patients  demonstrated  similar  dose  response  characteris- 
tics over  time,  with  a  peak  effect  of  INO  on  systemic 
oxygenation  at  10  ppm  NO  regardless  of  when  the  analysis 
was  performed.  These  findings  are  in  accord  with  results 
from  former  studies.''-  Patients  from  the  INO  group,  how- 
ever, had  a  shift  to  the  left  of  the  dose  response  curve  for 
systemic  oxygenation  within  96  hours.  After  this  time,  the 
peak  for  oxygenation  was  found  at  1  ppm  NO  (ie,  contin- 
uous inhalation  of  10  ppm  NO  sensitized  these  patients). 
This  might  be  important  because  the  INO  concentration  of 
10  ppm  was  no  longer  in  the  ideal  range,  compared  to  the 
initial  data,  and,  in  some  patients,  led  to  a  decrease  of  P^qJ 
This  may  explain  why,  in  previous  studies,  improvement 
of  oxygenation  was  only  seen  during  the  first  24  hours  of 
INO,  and  suggests  that  a  programmed  reduction  of  INO 
concentration  might  be  indicated. 

Theories  of  NO  Transport 

In  probably  more  than  80%  of  patients  with  ARDS,  (1) 
lower  doses  of  INO  improve  systemic  oxygenation,  (2) 
higher  doses,  in  contrast,  lower  the  arterial  oxygen  con- 
tent, and  (3)  improvement  of  systemic  oxygenation  and 
reduction  of  pulmonary  artery  pressure  are  not  correlated 
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during  NO  dose  response  studies.''^  These  observations 
support  two  hypotheses: 

( 1 )  Diffusion  theory.  NO  is  highly  lipophihc,  with  a  low 
molecular  weight,  and  quickly  diffuses  into  tissue,  reach- 
ing a  balance  between  the  rate  of  diffusion  and  the  rate  of 
NO  oxidation  or  binding  to  targets.  Inhaling  low  doses  of 
NO  probably  induces  a  diffusion  only  into  the  capillaries 
of  the  ventilated  alveoli.  Thus,  with  lower  NO  doses  there 
is  a  more  or  less  strictly  selective  vasodilation  in  ventilated 
areas  of  the  pulmonary  vasculature,  which  reduces  intrapul- 
monary  shunt  areas  and  thereby  increases  systemic  oxy- 
genation. With  higher  NO  doses,  however,  diffusion  of 
NO  through  the  lung  tissue  also  reaches  nonventilated  ar- 
eas (ie,  shunt  areas);  this  still  provides  selective  pulmonary 
vasodilation,  but  reverses  the  beneficial  effect  on  oxygen- 
ation by  causing  vasodilation  of  shunt  vessels. 

(2)  Transport  theory.  This  theory  is  based  on  the  finding 
that  INO  binds  to  albumin  and  hemoglobin  and  in  this  way 
can  be  transported  through  the  pulmonary  vessels  and 
thereby  affect  areas  outside  the  lung.''^  The  vascular  sys- 
tem of  the  lung,  in  contrast  to  other  organs  like  the  liver, 
is  strictly  dichotomous.  That  is,  from  the  pulmonary  artery 
up  to  the  final  capillaries,  each  vessel  divides  progres- 
sively into  smaller  vessels,  without  any  transverse  connec- 
tions between  vessels.  After  the  capillary  system,  2  vessels 
always  re-join  into  a  larger  one,  until  the  pulmonary  veins 
are  reached.  This  means  that  vessels  of  shunt  (non-venti- 
lated) areas  and  of  areas  with  ideal  ventilation/perfusion 
ratios  are  finally  united  in  the  pulmonary  venous  system. 
Thus,  if  NO  is  inhaled  in  low  doses,  it  causes  a  low  local 
concentration,  which  acts  on  the  vascular  smooth  muscles 
of  the  vessel.  Since  the  concentration  is  low,  diffusion  of 
INO  into  the  intravascular  space  and  binding  to  albumin 
and/or  hemoglobin  can  not  occur  before  the  venous  vessel 
is  rejoined  with  a  shunt  vessel.  Thus  vasodilation  and  in- 
creased flow  occur  only  in  the  ventilated  area.  With  high 
doses  of  NO,  intracapillary  concentrations  increase  and 
NO  is  transported,  which  can  result  in  a  decreased  "after- 
load"  for  both  ventilated  and  nonventilated  areas,  since  the 
NO  is  active  after  the  vessels  rejoin. 

Both  of  the  latter  theories  are  speculative.  The  diffusion 
theory  might  be  favored  because  NO  is  believed  to  act  on 
the  vascular  smooth  muscle  cells  of  the  capillary  before  it 
is  resorbed  into  the  intravascular  space.  The  remarkable 
reduction  of  pulmonary  artery  pressure  by  NO  may  also  be 
an  argument  for  the  diffusion  theory  because  the  alveolar 
capillaries  have  few  or  no  smooth  muscle  cells  (and  there- 
fore very  little  effect  on  pulmonary  resistance),  and  the 
arteries  and  arterioles  are  believed  to  be  a  regulating  factor 
for  pulmonary  vascular  resistance.  How  can  NO  get  to  the 
arteries  if  not  by  diffusion?  If,  however,  NO  has  to  diffuse 
through  the  pulmonary  tissue  to  have  an  effect,  how  can 
we  explain  the  selectivity  for  ventilated  areas  with  low 
doses  of  NO?  This  favors  the  transport  theory.  Further- 


more, studies  by  Jia  et  al  revealed  that  NO  binding  to 
hemoglobin  is  not  selective  to  the  heme  group  leading  to 
nitrosyl-hemoglobin,  but  also  involves  cystein  domains, 
preferably  from  oxygenated  hemoglobin  forming  S- 
nitrosohemoglobin.'*^  After  reduction  of  oxygenated  he- 
moglobin in  the  systemic  capillaries,  NO's  affinity  for 
hemoglobin  is  reduced,  which  leads  to  detachment  of  NO 
and  thereby  to  peripheral  vasodilation.'"'  These  findings  by 
Stamler  et  al  contradict  the  hypothesis  that  NO  is  neutral- 
ized by  hemoglobin  and  that  INO  therefore  has  only  local, 
intrapulmonary  effects.  Indeed,  while  INO  seems  to  be 
taken  up  by  hemoglobin  and  albumin  in  the  lung,  it  is 
probably  transported  to  the  systemic  periphery,  liberated 
because  of  the  oxygen  gradient,  and  causes  vasodilation  in 
small  arteries.  These  results  are  important  to  understand- 
ing the  dose-dependent,  local,  and  systemic  effects  of  NO 
and  thus  merit  further  research  on  the  clinical  use  of  INO. 

Summary 

INO  treatment  for  severe  ARDS  and  other  forms  of 
pulmonary  hypertension  is  a  new  and  encouraging  con- 
cept. However,  there  is  no  evidence  as  yet  that  INO  im- 
proves outcomes  of  these  conditions.  As  well,  specific 
effects  in  individuals  are  not  predictable,  so  experimenta- 
tion with  varying  concentrations  of  INO  for  individual 
patients  is  indicated.  However,  it  is  difficult  to  know 
whether  to  target  optimal  systemic  oxygenation,  or  to  seek 
maximum  reduction  of  pulmonary  resistance,  or  if  some- 
thing in  between  is  the  optimal  treatment  for  a  particular 
patient.  This  uncertainty  and  the  variable  effects  of  INO  in 
ARDS  patients  make  it  very  difficult  to  perform  the  sort  of 
prospective,  randomized  controlled  studies  that  are  needed 
to  demonstrate  whether  INO  can  help  lower  the  mortality 
of  ARDS. 

Very  low  doses  of  NO  (similar  to  environmental  con- 
centrations) have  shown  beneficial  effects  in  ARDS  pa- 
tients, and  so  far  no  significant  adverse  effects  have  been 
observed.  However,  further  research  on  adverse  effects  of 
INO  is  warranted,  especially  with  regard  to  immunological 
and  neurological  functions,  because  NO  is  a  complex  bi- 
ological mediator.  Because  INO's  adverse  effects  have  not 
been  fully  determined,  INO  should  only  be  administered 
under  clear  and  rigorous  protocols.  Recommendations  for 
basic  requirements  of  these  protocols  include:  (1)  ethical 
requirements  (Declaration  of  Helsinki,  Good  Clinical  Prac- 
tice, approval  of  the  hospital's  ethical  committee,  insur- 
ance for  the  patient,  informed  consent  from  a  relative),  (2) 
evaluation  of  patients  (defined  inclusion  criteria,  repeated 
dose  response  studies,  identification  of  responders  and  non- 
responders,  strategy  of  dosing  of  INO  over  time,  primary 
and  secondary  targets),  (3)  NO/NOj-measuring  systems 
(continuous  measurement  of  NO  and  NO2  by  electrochem- 
ical sensors  during  long-term  use,  chemiluminescence  an- 
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alyzers  for  dose  response  curves),  (4)  set  procedures  for 
storage  of  NO  gas  (environmental  safety),  and  (5)  stan- 
dardized systems  for  administering  NO  (including  feed- 
back controls  and  alarm  systems;  no  home-made  systems). 
INO  should  not  yet  be  considered  a  standard  therapy! 
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Discussion 

Branson:  That  was  an  excellent  pre- 
sentation. I  have  a  couple  of  comments 
and  a  couple  of  questions.  The  first 
comment  is  that  the  data  by  Dellinger 
from  the  randomized  trial'  shows  that 
P^o,  becomes  equal  in  both  groups  af- 
ter the  first  day,  but  F|o,  and  mean 
airway  pressure  are  reduced  in  the 
group  receiving  NO,  which  is  some- 
thing that  I  don't  think  came  out  in 
your  data.  Is  it  appropriate,  and  how  do 
you  determine  dose  response  over  such 
a  short  period  of  time — in  30  seconds — 
and  measure  the  Pao,?  What's  the 
method  by  which  you  do  that? 
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Gerlach:     It  was  30  minutes. 

Branson:  Oh,  I  thought  you  said  30 
seconds,  and  was  thinking  that  effect 
was  so  short.  What  about  rebound? 
What  causes  rebound,  what  causes  that 
fall,  and  how  can  we  tell  when  the 
patient's  been  on  NO  for  2  days  or  5 


days  or  10  days  when  they're  no  longer 
responding  to  NO? 

Gerlach:  This  is  not  a  rebound  phe- 
nomenon, but  a  phenomenon  of  de- 
crease in  oxygenation  with  increasing 
doses  of  NO.  So,  maybe  I  said  some- 
thing confusing,  but  it  was  30  minutes 
with  increasing  doses,  and  you  saw 
this  decrease  of  the  P^q,  during  the 
increase  of  the  NO  concentration.  This 
is  different  from  a  rebound  phenom- 
enon, and  I  would  call  it  an  overdos- 
ing of  NO.  As  I  said,  the  declarations 
for  this  phenomenon  are  not  done.  The 
one  theory  is  that  NO  acts  locally  and 
diffuses  into  the  smooth  muscle  cells 
of  the  ventilated  areas,  thus  providing 
a  simple  dose-dependent  diffusion  ef- 
fect due  to  a  gradient  from  the  inhaled 
vessel  away  until  you  reach  nonven- 
tilated  areas.  This  induces  a  stealing 
effect  similar  to  patients  who  get  in- 
travenous vasodilators.  The  other  the- 
ory is  that  the  INO  gets  reabsorbed  by 
hemoglobin  and  is  transported  away. 
This  is  something  which  might  be  dis- 
cussed in  the  future  because,  as  I  said 
in  the  discussions  previously,  it  was 
shown  that  INO  is  acting  outside  the 
lung.  The  resistance  ves.sels  of  the  lung 
are  before  the  alveoli.  Here  is  the  ef- 
fect. It  can  be  shown  by  some  studies. 
I  know  of  one  study'  from  Freiburg, 


Germany,  that  showed  that  lowering 
the  pulmonary  vascular  resistance  in 
the  lung  by  inhaling  NO  is  an  effect  of 
the  so-called  resistance  vessels  prior 
to  the  alveoli,  which  means  it  has  fol- 
lowed one  circuit  through  the  body,  at 
least.  These  2  theories  are  discussed 
at  the  moment.  The  reason  for  the  re- 
bound phenomenon  was  investigated 
in  several  in  vitro  studies  and  in  ani- 
mals, and  showed  that  the  INO  is  re- 
ducing the  NOS  activity  in  the  lung. 
This  might  be  the  reason  why  you 
might  have  an  anti-inflammatory  ef- 
fect and  an  anti-NO  synthesis  effect 
from  INO. 
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Branson:  From  a  practical  stand- 
point, how  do  you  determine  what  the 
best  dose  is  on  a  given  day  and  when 
to  discontinue  it?  Do  you  have  any 
recommendation? 

Gerlach:  No.  In  Germany,  we  are 
very  strict.  We  say  it's  an  experimen- 
tal phase  for  the  evaluation  of  NO, 
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and  we  do  not  give  any  recommenda- 
tions. It  is  limited,  at  least  in  Germany 
and  in  Europe,  to  studies  and  to  spe- 
cial groups.  Meanwhile,  in  Sweden 
and  now  in  Germany,  the  government 
made  very  strict  reduction  of  the  use 
of  NO  because  of  data  from  case  re- 
ports about  cerebral  bleedings.  They 
say  they  will  not  be  ready  to  allow  the 
use  of  NO  as  a  drug  for  everybody. 

Bigatello:  This  was  a  very  interest- 
ing talk.  I  am  particularly  intrigued  by 
your  data  on  the  shift  to  the  left  of  the 
dose-response  curve  during  chronic 
NO  inhalation.  Is  that  right? 

Gerlach:    In  the  NO  group.  Yes. 
Correct. 

Bigatello:  1  need  a  little  more  ex- 
planation on  how  you  did  it,  because 
to  me  that  would  have  some  quite  in- 
teresting clinical  implications.  Could 
you  just  repeat  to  me  how  you  did  the 
dose-response  curves  every  day?  Did 
you  stop  the  NO  and  repeat  the  dose- 
response? 

Gerlach:  No.  When  we  do  dose- 
response  curves,  we  start  with  zero 
and  then  we  start  with  0.01 ,  zero,  0. 1 , 
zero.  1.  zero,  10,  zero,  etc. 

Bigatello:  Right.  But  then  you  have 
a  patient  who  is  on  NO.  I  can  under- 
stand your  dose  response  at  the  begin- 
ning when  the  patient  is  not  receiving 
anything.  But  the  next  day,  is  the  pa- 
tient still  on  NO,  or.  . .  ? 

Gerlach:     If  he  is  in  the  NO  group. 

Bigatello:  Right,  so  how  do  you  do 
the  dose-response  when  the  patient  is 
still  on  NO? 

Gerlach:  We  put  it  off.  for  in- 
stance . . . 

Bigatello:  All  right;  you  put  it  off 
for  a  while,  and  then  you  repeat  the 
dose-response. 


Gerlach:      Yes. 

Stewart:  When  you  stop  it,  don't 
you  get  rebound? 

Gerlach:  Sure  we  get  rebound  phe- 
nomenon, similar  to  during  weaning 
from  NO.  Sometimes  we  have  to  lower 
the  concentration  down  to  50  ppb,  and 
then  we  put  the  NO  off  and  the  pa- 
tients have  bad  oxygenation  and  bad 
pulmonary  artery  pressure,  but,  in  our 
experience,  this  is  in  fact  between  I 
and  4  hours.  They  then  are  back  on 
baseline. 

Stewart:  OK.  You  said  the  data  were 
from  1998.  Where  are  these  data  pub- 
lished? Or  are  they  published? 

Gerlach:     No,  they  are  not  yet. 

Bigatello:  Now,  you  have  your  pa- 
tient on  NO  who  you  think  is  becom- 
ing more  sensitive  to  low  doses  of  NO, 
that  he  may  start  not  benefiting,  or 
even  be  damaged  by  higher  doses,  in 
terms  of  P.,o,.  So  your  20  ppm  dose  at 
the  beginning  may  5  days  later  de- 
crease the  P.,o,,  or  work  less  well  than 
before,  correct? 

Gerlach:  Sometimes  it  doesn't  even 
work  any  more. 

Bigatello:  So  would  it  be  fair  to  spec- 
ulate that  maybe  one  of  the  reasons 
why  we  see  the  effect  of  NO  wear  off 
over  time  is  that  5  days  later  10  ppm 
may  be  too  much,  and  if  we  would 
give  1  ppm  it  will  work  better? 

Gerlach:  Yes,  of  course.  That's  the 
conclusion. 

Bigatello:  That's  a  pretty  big  con- 
clusion! 

Gerlach:  That's  the  point  of  the 
study.  We  did  not  believe  the  data  be- 
fore the  end  of  the  study,  because  we 
said  "OK,  let's  do  an  intent-to-treat 
study.  The  patients  get  10  ppm  NO. 
We  don't  care  about  the  dose-re- 


sponses and  we  just  watch  them."  If 
we  now  do  the  next  study,  we  would 
change  the  protocol.  We'd  say  "Don't 
give  10  ppm  anymore:  go  to  the  op- 
timum dose  from  now  on." 

Bigatello:  You  haven't  done  it  yet, 
though? 

Gerlach:     No. 

Channick:  Have  you  done  this  in 
reverse  where  you  started  at  20  ppm 
and  you  gradually  worked  the  dose 
down  and  see  oxygenation  improve? 
Or  do  you  always  go  to  zero  and  go 
back  up  again? 

Gerlach:  We  always  go  to  zero  be- 
tween the  doses. 

Channick:  The  patient's  on  20  ppm 
for  a  few  days.  You  then  start  drop- 
ping the  dose  and  see  improvement  in 
oxygenation,  as  opposed  to  going  back 
to  zero  and  then  going  up  again? 

Gerlach:  No.  Our  protocol  was 
based  on  a  constant  dose  of  10  ppm. 
However,  just  over  the  days  that  we 
treated  the  patients,  we  did  not  reduce 
the  dose  for  treatment;  we  only 
changed  the  dose  for  the  dose-response 
analysis.  One  of  the  main  conclusions 
was  that  you  have  to  reduce  the  con- 
centrations, probably  very  quickly  af- 
ter 1 2  hours,  and  even  lower  after  24 
hours. 

Hurford:  The  3  dose-responses  you 
showed  us  were  done  over  what  time 
periods? 

Gerlach:  The  whole  time  was  about 
2  hours. 

Hurford:  Right.  But  were  they  done 
on  day  I,  day  2,  day  3.  .  .  ? 

Gerlach:  Two.  48  and  96  hours.  Day 
zero,  day  2.  and  day  4. 

Hurford:  OK.  Just  a  follow-up 
question.  What  do  you  do  about  am- 
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bient  levels  of  NO  that  are  in  the  air? 
In  Paris  they  can  be  very  high,  500 
ppb.  What  are  they  in  Berlin?  And 
how  do  you  account  for  this? 

Gerlach:  Ambient  NO  concentra- 
tions in  Berlin  are  between  very  low 
ones  and  about  200  ppb.  But  we  def- 
initely had  days  when  the  ambient  con- 
centration was  higher  than  the  NO  dose 
we  were  currently  administering  to  the 
patient.  I  remember  one  child  when 
we  used  60  ppb  and  we  could  not  get 
him  off  the  60  ppb.  Somebody  said 
"Just  extubate  him  because  he  is  con- 
tinuously breathing,  and  the  ambient 
NO  concentration  is  85  ppb." 

Hess:  I  wonder  if  you  could  specu- 
late a  bit  about  whether  INO  with 
ARDS  could  have  benefit  even  though 
there  is  not  a  response  as  far  as  oxy- 
genation? You  mentioned  a  little  about 
the  platelet  effects.  What  about  anti- 
inflammatory effects,  for  example? 

Gerlach:  There  are  a  lot  of  experi- 
ments from  different  groups  about  this 
so-called  anti-inflammatory  response. 
There  are  other  studies  on  the  induc- 
tion of  programmed  cell  death,  the  so- 
called  apoptosis  that  seems  to  be  very 
important  because  the  reconfirmation 
of  the  lung  during  the  late  phase  of 
ARDS  is  dependent  on  apoptosis. 
There  are  different  theories,  if  INO 
might  be  beneficial  because  you  get  a 
greater  induction  of  cell  death  inside 
the  lung  because  the  apoptosis  is  the 
reason  for  the  fact  that  the  fibrino- 
cytes  are  getting  grabbed  out  of  the 
alveoli.  So  this  is  one  reason  for  the 
anti-inflammatory  response.  I  think 
the  balance  between  NO,  oxygen  rad- 
icals, and  peroxynitrite  is  a  very  sen- 
sitive balance.  Studies  by  Murakami,' 
for  instance,  showed  that  in  a  model 
involving  ARDS  in  rats,  30  parts  per 
million  reduces  the  inflammatory  re- 
sponse. If  you  use  more,  you  have  even 
worse,  and  more  lipid  peroxidation, 
and  you  have  a  pro-inflammatory  ef- 
fect, probably  by  the  production  of  per- 
oxynitrite. We  did  some  in  vitro  ex- 


periments with  monocytes  looking  for 
the  expression  of  tissue  effect  and  we 
saw  the  same.  You  can  follow  it  down 
to  the  molecular  biology  and  see  that 
low  doses  of  NO  are  able  to  block  the 
production  and  expression  of  tissue 
factor."  Higher  doses  of  NO  probably 
convert  to  peroxynitrite,  which  influ- 
ences tyrosine  residues  and  induces 
an  inflammatory  response.  That's  the 
reason  why  on  the  slide  it  said  anti- 
inflammatory and  pro-inflammatory 
effects.  To  my  knowledge,  so  far  there 
are  no  data  showing  a  beneficial  ef- 
fect. Payen"*  showed  that  you  have  less 
neutrophils  in  the  bronchoalveolar  la- 
vage, but  who  knows  if  it's  good  or 
bad?  This  is  part  of  the  host' s  response. 
If  we  block  the  host's  response,  we  do 
not  know  if  this  is  beneficial  or  not. 


REFERENCES 

1 .  Murakami  S,  Bacha  EA,  Mazmanian  GM, 
Detruit  H,  Chapelier  A,  Dartevelle  P, 
Herve  P.  Effects  of  various  timings  and 
concentrations  of  inhaled  nitric  oxide  in 
lung  ischemia-reperfusion.  The  Paris-Sud 
University  Lung  Transplantation  Group. 
Am  J  Respir  Crit  Care  Med  1997;  156(2 
Pt  l):454-458. 

2.  Gerlach  M,  Keh  D,  Bezold  G,  Spielmann 
S,  Kiirer  I,  Peter  RU,  et  al.  Nitric  oxide 
inhibits  tissue  factor  synthesis,  expression 
and  activity  in  human  monocytes  by  prior 
formation  of  peroxynitrite.  Intensive  Care 
Med  1998;24(11):  1199-1208. 

3.  Chollet-Martin  S,  Gatecel  C,  Kermarrec 
N,  Gougerot-Pocidalo  MA,  Payen  DM  . 
Alveolar  neutrophil  functions  and  cyto- 
kine levels  in  patients  with  the  adult  re- 
spiratory distress  syndrome  during  nitric 
oxide  inhalation.  Am  J  Respir  Crit  Care 
Med  l996;l53{3):985-990. 

Pearl:  Do  you  have  comments  on 
the  efficacy  of  NO  in  early  versus  later 
ARDS,  and  on  pulmonary  versus  ex- 
tra-pulmonary etiologies  of  ARDS? 

Gerlach:  No.  The  patients  we  put 
on  NO  were  all  patients  from  outside 
our  hospital,  and  we  included  these 
patients  very  quickly,  within  48  hours. 
Some  of  these  patients  had  a  very  long 
history,  up  to  3  weeks  of  ARDS.  The 


data  are  too  few,  with  too  few  patients 
to  make  a  stratification.  In  our  study, 
the  mean  time  of  ICU  treatment  the 
day  before  they  get  NO  was  the  same 
in  both  groups.  What  we  can  see  is 
that  there  obviously  seem  to  be  more 
nonresponsive  patients  if  they  have  vi- 
ral pneumonia  (for  instance,  severe 
pneumonia  with  varicella,  typically  a 
very  homogenous  disease).  In  these 
patients  you  see  little  or  no  effect  from 
NO.  Some  data  from  Rouby'  from 
Paris  showed  that  there  is  a  difference 
if  you  see  these  inflamed  lungs  in  con- 
trast to  a  polytrauma  patient.  The  more 
inhomogenous  the  lung  is,  the  more 
effective  is  NO. 
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Branson:  Ijust  want  to  ask  one  more 
question.  My  impression  of  the  Sie- 
mens delivery  device  is  that  it's  very, 
very  accurate,  but  I'm  always  trou- 
bled that  it  monitois  the  gas  on  the 
expired  side.  Isn't  the  measured  NO 
then  affected  by  NO  uptake,  and  how 
reliable,  or  how  sure  are  you  that  that's 
the  dose  when  you're  giving  0.1  ppm 
or  0.01  ppm?  What  dose  is  the  patient 
really  getting? 

Gerlach:  You  can  apply  the  mea- 
surement where  you  want.  An  electro- 
chemical cell  is  built  into  the  machine, 
usually  on  the  expiratory  side.  The  data 
I  showed  were  from  the  inspiratory  limb 
where  we  used  our  own  equipment  with 
an  external  chemiluminometer. 

Bigatello:  Did  you  also  measure 
your  dose-response  with  another  ana- 
lyzer like  a  rapid  response  analyzer? 
What  I'm  getting  at  is  that  maybe  your 
absolute  numbers  measured  that  way 
are  not  perfect,  although  I  don't  care 
too  much.  I'm  still  very  impressed  by 
the  fact  that  your  dose-response 
moves.  With  a  Sievers  analyzer,  you 
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may  see  a  more  precise  dosing.  But  I 
don't  think  that  takes  anything  away 
from  your  data,  because  it's  the  move- 
ment of  the  dose-response  that  is  in- 
teresting to  me. 

Gerlach:  Of  course,  you  have  some 
patients  who  do  not  react  like  this. 
This  was  the  mean  of  20  patients  in- 
side the  NO  group.  We  use  an  exter- 
nal device  for  all  these  dose-response 
studies,  and  not  the  built-in  device  of 
the  machine.  Using  a  chemiluminom- 
eter  we're  going  down  in  concentra- 
tions. We  need  a  fast  response  device 
and  a  machine  that  is  measuring  down 
to  5  parts  per  trillion.  Response  time 
is  10  milliseconds.  I  will  show  this  in 
my  talk  about  exhaled  NO  tomorrow. 
I  have  some  slides  from  this  machine. 
And  the  third  point,  of  course,  is  that 
the  data  1  presented  were  from  the  NO 
group,  and  I  didn't  show  the  slides 
from  the  non-NO  group,  which  had 


more  or  less  the  same  dose  response 
over  time. 

Hurford:  I  have  one  question  that's 
a  problem  that  I've  been  trying  to  ex- 
plain to  my  surgeons,  much  to  their 
regret.  In  our  series  we  have  data  very 
much  like  everybody  else's,  where 
overall  we  haven't  affected  mortality 
rate  or  anything  else  as  far  as  measur- 
able outcome  data  goes.  Except  my 
thoracic  surgeons  didn't  believe  me, 
so  I  gave  them  my  data,  and  they  an- 
alyzed their  patients  with  postpneu- 
monectomy  ARDS.  They  came  back 
to  me  and  showed  a  persistent  im- 
provement in  P,,Q,,  Fio,,  and,  at  least 
by  historical  data,  a  decrease  in  mor- 
tality rate  from  80%  to  30%  in  that 
patient  population.  Now,  how  do  I  ex- 
plain to  them  there's  no  effect? 

Gerlach:  You  can  only  prove  this 
with  a  controlled  study.  I  wouldn't  say 
the  data  are  wrong.  I  think  we'll  hear 


something  from  lung  transplantation 
where  you  can  see  an  NO  effect  on 
ischemia-reperfusion  injury.  You 
probably  do  have  an  effect  which  is 
based  on  a  cyclic  GMP-independent 
pathway  and  has  nothing  to  do  with 
vasodilation.  A  transplant  unit  in  Han- 
nover, Germany,  showed  that  host 
transplant  edema  of  lung  transplant  is 
tremendously  decreased  by  INO.  But 
you  have  to  be  careful.  You  have  to 
inhale  it  12  hours  and  then  pull  the 
brake.  I  saw  some  cases  where  INO 
was  administered  12-24  hours,  and 
suddenly  patients  reached  a  condition 
like  ARDS  and  there  was  no  improve- 
ment. I  think  it  is  possible  to  limit  this 
technique  in  terms  of  dosing  and  tim- 
ing. All  together,  I  would  be  very  cau- 
tious. I  hate  to  say  it's  effective  or  that 
it's  not  effective. 

Hurford:  I  think  that' s  our  challenge 
now,  to  try  to  sort  this  all  out. 
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Pulmonary  Hypertension  and  Right 
Ventricular  Failure 

Physiology  and  Pharmacology 

Mitral  valve  disease  and  other  cardiac  diseases  can  re- 
sult in  elevated  left  atrial  pressure,  which  can  cause  a 
passive  increase  in  pulmonary  venous  pressure,  and  reac- 
tive pulmonary  vasoconstriction.  Eventually,  morphologic 
changes  in  the  pulmonary  vasculature,  including  increased 
musculature  and  reduction  in  cross  sectional  area,  result  in 
increased  pulmonary  vascular  resistance  (PVR).  Cardiac 
conditions  can  exacerbate  pre-existing  hypoxic  or  obliter- 
ative  pulmonary  disease,  which  also  elevates  PVR.  In  chil- 
dren, increased  pulmonary  muscularity  occurs  when  pul- 
monary blood  flow  is  increased  by  ventricular  septal 
defects,  atrioventricular  septal  defects,  and  aortic  valvean- 
omalies.  The  pulmonary  circulation  of  infants  is  often 
highly  reactive  or  responsive  to  neural  or  humoral  factors 
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that  cause  pulmonary  vasoconstriction.  Early  in  the  dis- 
ease states  that  result  in  pulmonary  hypertension,  the  ele- 
vated PVR  is  pharmacologically  reversible.  As  the  wall  of 
the  pulmonary  vessels  thickens,  progressive  obliterative 
pulmonary  changes  occur,  and  pharmacological  therapy 
can  become  ineffective. 

Pulmonary  hypertension  can  have  a  significant  impact 
on  right  ventricle  (RV)  function.  The  primary  effect  is 
increased  RV  afterload,  as  measured  by  increased  PVR. 
The  RV  is  normally  a  thin-walled  structure  that  is  highly 
distensible.  Unlike  the  left  ventricle  (LV),  the  RV  is  un- 
able to  withstand  large  increases  in  afterload.  This  is  par- 
ticularly true  after  acute  increases  in  PVR,  when  even 
small  increases  in  PVR  can  lead  to  reductions  in  RV  stroke 
volume  and  cardiac  output  (CO.). 

Increased  PVR  and  poor  RV  function  can  also  contrib- 
ute to  decreased  CO,  and  systemic  hypotension  by  im- 
pacting LV  function.  A  dilated  RV  and  right  atrium  re- 
sulting from  pulmonary  hypertension  can  shift  the 
intraventricular  septum  and  compress  the  left  atrium  and 
ventricle,  resulting  in  decreased  LV  filling  and  decreased 
LV  end  diastolic  volume. 

Increased  PVR  can  aggravate  RV  failure  and  prevent 
recovery  of  RV  function  after  cardiopulmonary  bypass 
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(CPB).  In  addition  to  pre-existing  disease  states,  RV  dys- 
function after  CPB  can  result  from  inadequate  preserva- 
tion of  the  RV  during  CPB,  production  of  pulmonary  va- 
soconstrictors such  as  thromboxane  A,  resulting  from 
platelet  and  leukocyte  aggregation,  or  decreased  endoge- 
nous pulmonary  vasodilators  such  as  nitric  oxide  (NO). 

Traditional  Management  of  Pulmonary  Hypertension 

Traditional  management  of  pulmonary  hypertension  in- 
cludes treatment  of  both  passive  and  active  factors  that 
influence  PVR.  These  include  optimization  of  arterial  blood 
gases,  ventilation,  blood  volume,  temperature,  and  level  of 
anesthesia.  These  have  been  reviewed  in  detail'-  and  will 
not  be  discussed  further  herein. 

Pharmacologically,  pulmonary  hypertension  has  tradi- 
tionally been  treated  by  administration  of  nitroglycerin  or 
sodium  nitroprusside.  Although  both  of  these  decrease 
PVR,  they  can  also  result  in  systemic  hypotension.  Addi- 
tional agents  that  have  been  used,  with  variable  success, 
include  hydralazine,  nifedipine,  and  a-adrenergic  antago- 
nist agents  such  as  tolazoline  and  phentolamine.  Prosta- 
glandin E|  and  prostacyclin  are  2  potent  pulmonary  vaso- 
dilators. Low  doses  of  these  agents  are  relatively  specific 
to  the  pulmonary  circulation,  but  at  higher  doses  produce 
substantial  systemic  vasodilation.  The  phosphodiesterase 
inhibitors,  which  combine  both  positive  inotropic  and  va- 
sodilating effects,  are  also  potentially  useful  in  treating 
pulmonary  hypertension,  but  neither  is  specific  to  the  pul- 
monary circulation.  Isoproterenol  also  combines  positive 
inotropic  effects  with  pulmonary  vasodilation,  but  also 
causes  tachycardia  and  systemic  vasodilation,  which  sig- 
nificantly limits  the  usefulness  of  this  agent. 

Theoretical  Advantages  of  INO 

The  specificity  of  inhaled  NO  (INO)  for  the  pulmonary 
circulation  is  well-described.  INO  causes  cyclic  guanidine 
monophosphate-mediated  pulmonary  vasodilation  by  dif- 
fusing from  the  alveoli  into  the  pulmonary  vascular  smooth 
muscle.  Systemic  vasodilation  is  prevented  by  the  rapid 
inactivation  of  NO  by  hemoglobin  as  INO  enters  the  cir- 
culation. 

Ideally,  agents  that  treat  pulmonary  hypertension  would 
have  no  effect  on  the  systemic  circulation.  This  is  partic- 
ularly important  when  pulmonary  hypertension  is  com- 
bined with  RV  failure.  Coronary  perfusion  pressure  is  de- 
pendent on  systemic  pressure,  and  a  decrease  in  mean 
systemic  arterial  pressure  can  decrease  coronary  blood  flow 
to  an  already  failing  RV.  All  intravenous  medications  cause 
some  degree  of  systemic  vasodilation,  whereas  INO  is 
selective  for  pulmonary  vasodilation.  INO  apparently  has 
no  effect  on  heart  rate. 


INO  for  Mitral  Valve  Surgery 

The  potential  value  for  INO  to  acutely  decrease  PVR 
has  been  observed  in  patients  before  and  after  mitral  valve 
replacement^-''  and  coronary  artery  bypass  graft  surgery.* 
Most  studies  tested  the  hemodynamic  response  to  a  single 
dose  of  INO  at  20-40  parts  per  million  (ppm),  and  ob- 
served a  reduction  in  PVR  but  no  systemic  hemodynamic 
changes.  Lindberg  evaluated  a  dose  response  to  INO  from 
2  to  25  ppm,  and  found  that  the  full  hemodynamic  re- 
sponse was  observed  at  2  ppm.*  Our  group  found  that  the 
magnitude  of  the  reduction  in  PVR  in  response  to  INO  was 
proportional  to  the  baseline  PVR.^  INO  has  no  effect  in 
patients  without  pulmonary  hypertension. 

None  of  the  patients  in  these  studies  had  sufficient  pul- 
monary hypertension  to  cause  RV  failure.  Although  the 
effect  on  RV  ejection  fraction  was  not  determined,  INO 
did  not  cause  an  increase  in  CO.  While  reduction  in  PVR 
is  common  with  INO  in  patients  with  mitral  valve  disease, 
clinical  benefit  is  unlikely  unless  PVR  is  a  limiting  factor 
for  RV  dysfunction  and  CO.  Patients  with  mitral  valve 
disease  can  have  significant  pulmonary  hypertension,  but 
surgical  correction  usually  results  in  a  dramatic  and  im- 
mediate decrease  in  PVR.  The  incidence  of  RV  failure  in 
conjunction  with  pulmonary  hypertension  during  cardiac 
surgery  is  also  relatively  low  compared  to  LV  failure, 
especially  if  treatment  is  rendered  before  the  disease  be- 
comes severe.  Although  there  are  no  long-term  studies  of 
INO  in  these  patient  populations.  INO  is  likely  to  be  ben- 
eficial in  patients  who  do  have  difficulty  with  discontin- 
uation from  CPB  secondary  to  RV  failure  and  pulmonary 
hypertension. 

INO  for  Cardiac  Transplantation  Surgery 

Normally  the  RV  is  accustomed  to  a  low  afterload,  and 
a  significant  acute  increase  in  PVR  can  cause  RV  failure. 
This  frequently  occurs  in  patients  undergoing  cardiac  trans- 
plantation (CT).  The  recipient  commonly  has  an  elevated 
PVR  as  a  result  of  longstanding  congestive  heart  failure 
(CHF).  When  the  donor  RV.  which  is  accustomed  to  a 
normal  PVR,  is  acutely  exposed  to  an  increased  afterload, 
the  RV  might  fail.  Data  from  the  Registry  of  the  Interna- 
tional Society  for  Heart  and  Lung  Transplantation  indicate 
that  RV  dysfunction  accounts  for  approximately  50%  of 
all  cardiac  complications  and  19%  of  all  early  deaths  fol- 
lowing CT.^ 

An  elevated  PVR  of  greater  than  400  dyn-s-cm''  is  gen- 
erally considered  a  contraindication  to  CT.  INO  can  be 
useful  to  evaluate  the  dynamic  response  of  pulmonary  vas- 
culature prior  to  CT  in  order  to  determine  whether  the 
pulmonary  hypertension  is  fixed  or  if  there  is  a  reversible 
component.'*  Studies  have  suggested  that  INO  is  superior 
to  other  agents  in  predicting  acute  reversibility  of  PVR.** 
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Following  transplantation,  RV  adaptation  to  the  new  he- 
modynamic conditions  usually  occurs  over  a  48  hour  pe- 
riod,^ and  INO  might  reduce  PVR  to  an  acceptable  level 
until  the  adaptation  is  complete.  One  case  report  showed 
that  a  patient  with  severe  pulmonary  hypertension  was 
supported  with  nasal  NO  (50  ±  23  ppm)  until  CT.'" 

Post-transplantation,  INO  was  found  to  be  effective  in  a 
dog  transplantation  model  involving  monocrotaline- 
induced  pulmonary  hypertension  in  the  recipient."  In  case 
reports  and  studies  involving  patients  with  pulmonary  hy- 
pertension post  CT,  Kieler-Jensen  showed  that  20  ppm 
INO  acutely  decreased  PVR  from  252  ±  30  dyn-s-cm"''  to 
166  ±  16  dyn-s-cm'"'',  while  producing  a  modest  increase 
in  CO.,  from  5.4  ±  0.7  to  6.0  ±  0.6  L/min.'^  Right 
ventricular  ejection  fraction  was  not  significantly  increased 
(24%  vs  27%).  None  of  the  patients  received  INO  long- 
term.  A  case  report  from  Girard  found  that  25  ppm  INO 
acutely  decreased  PVR,  from  400  dyn-s-cm "''  to  234 
dyn-s-cm  ■'',  while  producing  a  large  increase  in  CO.,  from 
2.7  L/min/m"  to  3.6  L/min/m",  which  was  observed  while 
NO  was  continued  for  48  hours."  In  that  case  report,  the 
initial  pulmonary  hypertension  was  much  greater  than  that 
in  Keiler-Jensen's  report,  which  probably  explains  the  rel- 
atively greater  hemodynamic  effect  of  INO.  INO  is  of 
potential  benefit  in  pulmonary  hypertension  patients  if  there 
is  accompanying  RV  failure,  but  there  have  been  no  long- 
term  studies  to  determine  the  influence  on  morbidity  or 
mortality. 

INO  for  Cardiac  Failure  Requiring  Left  Ventricular 
Assist  Device 

Patients  who  are  not  weanable  from  CPB  because  of 
ventricular  failure,  and  patients  with  advanced  CHF,  might 
require  a  left  ventricular  assist  device  (LVAD)  in  order  to 
maintain  satisfactory  CO.  An  elevated  PVR  can  limit  blood 
flow  to  the  left  atrium  and  decrease  LVAD  flow.  Further- 
more, 25-40%  of  patients  requiring  an  LVAD  have  or 
acquire  RV  failure.'^  Management  of  RV  failure  in  LVAD 
recipients  includes  ensuring  adequate  RV  preload,  main- 
taining sinus  rhythm,  and  administering  intravenous  vaso- 
dilators. However,  the  utility  of  intravenous  vasodilators  is 
limited  by  the  systemic  vasodilation  they  cause,  which  can 
decrease  coronary  artery  perfusion  pressure  and  further 
compromise  RV  function.  Right  ventricular  assist  devices 
are  occasionally  required  to  improve  CO.  but  their  inser- 
tion is  associated  with  increased  complication  rates. 

Argenziano  studied  patients  with  heart  failure  post-CPB 
who  required  LVAD  insertion  and  who  had  pulmonary 
hypertension  with  limited  LVAD  flow."  INO  resulted  in  a 
clinically  significant  decrease  in  mean  pulmonary  artery 
pressure  (PAP),  from  35  ±  6  mm  Hg  to  24  ±  4  mm  Hg, 
and  an  increase  in  LVAD  flow,  from  1.9  ±  0.2  L/min  to 
2.7  ±  0.3  L/min.  All  patients  were  successfully  weaned 


from  INO  in  less  than  a  week.  Wagner  investigated  the 
effect  of  0-40  ppm  INO  in  patients  with  end-stage  CHF 
who  developed  RV  dysfunction  following  LVAD  inser- 
tion."' INO  caused  a  significant  decrease  in  PAP  (at 
doses  >  10  ppm  INO)  and  PVR  (at  doses  >  15  ppm  INO), 
while  cardiac  index  (CI)  increased  from  2.0  ±  0.4  L/minJnr 
to  2.7  ±  0.4  L/min/m-  (at  doses  >  20  ppm).  Over  the 
course  of  2  to  8  days,  the  RV  ejection  fraction  increased 
from  24  ±  7%  to  44  ±  7%.  These  studies  indicate  the 
PVR  is  decreased  and  LVAD  flow  is  increased.  RV  func- 
tion might  also  be  enhanced.  Although  it  is  likely  that 
chronic  INO  therapy  is  beneficial  in  these  patients,  there 
have  been  no  controlled  studies  that  demonstrate  a  de- 
creased need  for  right  ventricular  assist  devices  or  en- 
hanced RV  recovery. 

INO  and  Right  Ventricular  Function 

Pulmonary  hypertension  is  present  in  the  majority  of 
patients  with  acute  respiratory  distress  syndrome,  but  the 
RV  is  usually  able  to  compensate  for  the  increased  PVR, 
because  the  increase  occurs  gradually.  Two  studies  in  pa- 
tients with  acute  respiratory  distress  syndrome  have  dem- 
onstrated that  5-18  ppm  INO  decreases  PVR  and  causes  a 
small  increase  (3-10%)  in  RV  ejection  fraction.'''"*  How- 
ever, none  of  the  patients  were  in  RV  failure,  and  INO 
therapy  was  not  associated  with  an  increase  in  CO.  Ben- 
zing  suggested  in  a  case  report  that  40  ppm  INO  might 
make  a  clinically  significant  difference  if  RV  failure  oc- 
curs with  acute  respiratory  distress  syndrome.'''  In  that 
case  report,  the  central  venous  pressure  was  decreased 
from  29  mm.  Hg  to  24  mm  Hg,  and  PVR  was  decreased 
from  322  dyn-s-cm"''  to  164  dyn-s-cm"^,  while  the  CO.  was 
increased  by  32%,  from  5.2  L/min  to  7.3  L/min.  We  re- 
cently managed  a  patient  with  severe  acute  lung  injury 
requiring  an  adult  oscillator  ventilator  to  achieve  adequate 
gas  exchange.  The  patient  gradually  developed  pulmonary 
hypertension,  with  a  PAP  of  70/40  mm  Hg,  as.sociated 
with  a  decreased  cardiac  index  and  mixed  venous  oxygen 
saturations  of  less  than  50%.  INO  at  10  ppm  produced  a 
large  increase  in  CI,  from  2.0  L/min/m"  to  4.4  L/min/m~, 
and  an  increase  in  mixed  venous  oxygen  saturation,  from 
45%  to  70%.  Although  there  was  a  significant  decrease  in 
PVR,  there  was  no  change  in  PAP,  probably  because  the 
increased  pulmonary  blood  flow  compensated  for  the  va- 
sodilation. The  concentration  of  INO  was  titrated  against 
the  CI  rather  than  the  PAP,  and  we  were  able  to  decrease 
the  concentration  of  INO  to  less  than  5  ppm  and  still 
achieve  the  hemodynamic  effect. 

These  studies  indicate  that  INO  acutely  decreases  PVR, 
while  having  variable  effects  on  RV  function  and  CO. 
The  greatest  beneficial  effect  is  likely  to  be  in  patients 
with  RV  dysfunction  and  greater  degrees  of  pulmonary 
hypertension.  Case  reports  and  small  studies  suggest  that 
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INO  can  be  beneficial,  but  outcome  studies  on  RV  func- 
tion with  chronic  INO  have  not  yet  been  reported. 

INO  and  Left  Ventricular  Dysfunction 

In  patients  with  LV  failure,  there  have  been  a  number  of 
studies  that  indicate  that  INO  can  cause  an  increase  in  left 
heart  filling  pressure. ^-^o-^z  Loh  examined  the  effects  of  80 
ppm  INO  in  patients  with  New  York  Heart  Association 
class  III  and  IV  CHF  dysfunction.^o  INO  caused  a  31  ± 
7%  decrease  in  PVR,  from  226  ±  30  dyn-s-cm -^  to  1 19  ± 
13  dyn-s-cm""'',  but  neither  PAP  (35  ±  4  mm  Hg)  nor  CI 
(2.3  L/min/m~)  changed.  The  decrease  in  PVR  was  en- 
tirely due  to  a  decrease  in  the  transpulmonary  artery  pres- 
sure gradient  (PAP  minus  pulmonary  artery  wedge  pres- 
sure [PAWP]),  which  resulted  from  a  23%  increase  in 
PAWP  (25  ±  3  mm  Hg  to  31  ±4  mm  Hg).  Patients  with 
more  severe  LV  dysfunction  (as  evidenced  by  higher  left 
heart  filling  pressures,  lower  stroke  volume,  and  larger  LV 
cavity  size)  showed  the  greatest  increase  in  PAWP.  Adatia 
found  that  those  patients  with  the  highest  baseline  PAWP 
(27  ±  4  mm  Hg)  demonstrated  the  greatest  decrease  in 
PVR  in  response  to  INO  (at  80  ppm),  but  also  had  the 
greatest  increase  in  PAWP. 2'  Likewise,  Semigran  found 
that  in  patients  with  LV  dysfunction,  there  was  a  dose- 
dependent  increase  in  PAWP,  with  80  ppm  INO  causing  a 
greater  increase  than  20  ppm  or  40  ppm.22 

The  most  likely  explanation  for  the  increase  in  PAWP 
(in  patients  with  severe  LV  failure,  in  response  to  INO)  is 
that  the  selective  pulmonary  vasodilation  acutely  augments 
venous  return  to  the  LV.  For  a  given  PAP,  a  decrease  in 
PVR  results  in  an  increase  in  driving  force  for  LV  filling. 
Since  the  failing  LV  operates  on  the  steep  portion  of  the 
diastolic  pressure/volume  curve,  a  small  increase  in  LV 
volume  can  result  in  a  substantial  increase  in  PAWP.  The 
increased  left  heart  filling  pressure  might  therefore  result 
in  worsening  cardiac  failure  and  acute  pulmonary  ede- 
ma.-^ This  has  been  proposed  in  a  theoretical  model  of 
cardiac  failure^"*  and  is  supported  by  one  clinical  study  in 
patients  with  LVADs.-'  Hare  studied  the  cause  of  increased 
left  heart  filling  pressure  in  response  to  INO  in  patients 
with  end-stage  CHF  receiving  circulatory  assistance  with 
the  Heartmate  IP  1000  LVAD  (Thermocardiosystems  Inc, 
Woburn,  MA). 2''  The  response  to  INO  was  examined  with 
the  device  set  to  deliver  either  a  fixed  or  variable  output  in 
response  to  changes  in  filling  pressures.  INO  decreased 
PVR  with  both  pump  settings.  LV  filling  pressure  increased 
with  the  fixed  output  mode  but  remained  unchanged  with 
the  variable  mode. 

It  is  also  possible  that  INO  exerts  a  negative  inotropic 
effect  on  the  myocardium.  Evidence  from  both  animal 
models  and  patients  suggests  that  endogenous  myocardial 
NO  exerts  a  negative  inotropic  effect.-*-^  Endogenous  NO 
inhibits  /3-adrenergic  inotropic  responses,-**  and  inhibition 


of  cardiac  NO  production  increases  the  positive  inotropic 
response  to  /3-adrenergic  receptor  stimulation  in  patients 
with  CHF,  but  not  in  control  subjects  with  normal  LV 
function. 2'  Increased  inducible  nitric  oxide  synthase  within 
endothelial  cells  and  cardiac  myocytes  is  associated  with 
reduced  myocardial  inotropic  ability  in  animal  models.'"' 
However,  for  INO  to  exert  a  negative  inotropic  effect  on 
the  LV  it  would  have  to  reach  the  myocardium,  and  it  has 
been  demonstrated  that  INO  is  immediately  inactivated 
once  it  crosses  into  the  pulmonary  circulation.  A  negative 
inotropic  effect  of  INO  has  not  been  observed  in  animal 
models  of  LV  failure.""  Furthermore,  in  patients  with  LV 
failure,  Loh  found  that  INO  had  no  effect  on  LV  peak 
dp/dt  (a  sensitive  measure  of  the  contractile  state),  despite 
increasing  left  ventricular  filling  pressures.-"  Similarly, 
Hayward  found  that  20  ppm  INO  had  no  effect  on  steady 
state  LV  pressures,  volumes,  or  contractility  in  patients 
with  normal  LV  function. ^^ 

When  RV  and  LV  failure  are  both  present,  INO  has 
been  observed  to  improve  exercise  capacity.  Koelling  per- 
formed exercise  testing  on  patients  with  NYHA  class  III 
CHF  before  and  after  administering  40  ppm  INO,^'  and 
found  that  none  of  the  differences  in  primary  exercise 
end-points  for  the  group  as  a  whole  were  significant.  How- 
ever, on  subgroup  analysis,  oxygen  consumption  at  the 
anaerobic  threshold  significantly  improved  in  response  to 
INO  in  patients  with  increased  PAP  (  >  30  mm  Hg)  and 
patients  with  increased  left  ventricular  end-diastolic  vol- 
ume index.  INO  significantly  increased  the  peak  work  load 
with  exercise  in  patients  with  resting  RV  ejection  fraction 
<  0.35.  This  study  suggests  that  patients  with  pulmonary 
hypertension  in  conjunction  with  decreased  RV  ejection 
fraction  are  likely  to  benefit  from  INO  therapy  and  sup- 
ports the  hypothesis  that  physical  activity  of  patients  with 
severe  CHF  is  limited  by  pulmonary  hypertension  and/or 
RV  dysfunction. 

The  above-discussed  studies  suggest  caution  in  admin- 
istering INO  to  patients  with  LV  dysfunction.  Because 
INO  can  cause  acute  pulmonary  edema  in  these  patients,^^ 
INO  can  be  contraindicated  in  patients  with  LV  dysfunc- 
tion alone.  Patients  with  biventricular  failure  might  benefit 
from  INO  if  elevated  PVR  is  a  limiting  hemodynamic 
factor,  but  careful  patient  monitoring  is  necessary. 

INO  and  Pediatric  Heart  Surgery 

Physiology  and  Pharmacology 

The  same  types  of  lesions  which  can  result  in  pulmo- 
nary hypertension  in  adults,  such  as  mitral  stenosis,  can 
occur  in  infancy  and  childhood. ^•^  However,  there  are  ad- 
ditional factors  that  make  pulmonary  hypertension  during 
and  after  cardiac  surgery  more  likely  in  children.  Children 
can  also  be  more  sensitive  than  adults  to  elevations  in 
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PAP.  Pulmonary  vasculature  in  infants  is  often  very  labile, 
which  can  be  responsible,  in  extreme  instances,  for  per- 
sistent pulmonary  hypertension  of  the  newborn.  Unlike 
adults,  many  children  who  require  cardiac  surgery  require 
it  because  of  congenital  cardiac  defects  involving  intracar- 
diac shunts.  Left  to  right  intracardiac  shunts  increase  pul- 
monary blood  flow,  which  can  cause  abnormal  postnatal 
remodeling  of  the  pulmonary  vasculature.  Long-term  left 
to  right  shunts  can  gradually  produce  elevations  in  PVR, 
and  this  elevation  can  become  fixed.  In  pediatric  cardiac 
surgery  patients,  pulmonary  vascular  disease  is  almost  al- 
ways due  to  smooth  muscle  hypertrophy  of  smaller  pul- 
monary arterioles,  and  is  at  least  partially  reversible  with 
pharmacologic  therapy. 

CPB  in  children  is  also  known  to  attenuate  endothelium 
NO-dependent  pulmonary  vasodilation,^*^  which  can  be  a 
cause  of  pulmonary  vasoconstriction  postoperatively.  Chil- 
dren tend  to  be  more  vulnerable  to  pulmonary  hyperten- 
sive crises  occurring  in  the  immediate  (1-2  d)  postopera- 
tive period  following  CPB.  This  is  particularly  true  of 
infants  who  had  preoperative  elevations  in  PVR.  In  chil- 
dren who  have  undergone  a  Glenn  or  Fontan  operation 
(which  leaves  them  without  a  subpulmonary  ventricle), 
CO.  will  be  exquisitely  sensitive  to  elevations  in  PAP."** 

Perioperative  Use  of  INO  for  Pediatric  Patients 

INO  is  of  potentially  greater  use  in  infants  and  children 
undergoing  cardiac  surgery  than  in  adults.  Surgery  on  chil- 
dren with  elevated  PVR  (greater  than  7  Woods  units)  is 
associated  with  increased  mortality.  To  determine  preop- 
eratively  if  the  elevated  PVR  is  fixed  or  reversible,  chil- 
dren have  been  evaluated  with  a  variety  of  nonselective 
pulmonary  vasodilators  in  the  cardiac  catheterization  lab- 
oratory. PVR  is  measured  to  determine  if  there  is  a  de- 
crease with  pharmacologic  therapy.  A  case  report  of  an 
infant  with  a  ventricular  septal  defect  indicated  that  INO 
can  determine  the  reversibility  of  pulmonary  hyperten- 
sion." The  elevated  PVR  (9.1  Woods  units)  decreased 
significantly  to  3.7  Woods  units.  The  infant  required  INO 
in  the  immediate  postoperative  period,  and  was  discharged 
home;  however,  the  PVR  returned  to  baseline  after  1  year. 

INO,  delivered  both  intraoperatively  and  postoperatively, 
appears  to  be  effective  in  managing  pulmonary  hyperten- 
sion in  infants  and  children.  Most  studies  indicate  that  INO 
has  a  significant  effect  if  the  PAP  is  elevated  to  greater 
than  50%  of  systemic  pressure.  If  the  PAP  is  not  elevated 
postoperatively,  INO  has  no  effect  even  if  pulmonary  hy- 
pertension had  been  present  preoperati  vely  .^''•^**  In  one  study 
the  only  patients  who  required  INO  in  the  postoperative 
intensive  care  unit  were  those  who  had  pulmonary  hyper- 
tension and  required  INO  in  the  operating  room  following 
separation  from  CPB.^"* 


Schulze-Neick  evaluated  the  postoperative  effects  of  50 
ppm  INO  on  infants  and  children  who  had  ventricular 
septal  defect  and  atrioventricular  septal  defects.-*'  INO  re- 
sulted in  a  43%  decrease  in  PVR  and  a  28%  increase  in  CI. 
Right  ventricular  ejection  fraction  was  significantly  im- 
proved by  34%.  It  is  clear  from  that  study  that  INO  can 
cause  a  clinically  significant  improvement  in  RV  function 
and  CI  in  patients  with  pulmonary  hypertension  resulting 
from  left  to  right  intracardiac  shunts,  although  possible 
long-term  benefits  remain  unknown.  INO  can  also  be  used 
postoperatively  to  differentiate  elevation  in  proximal  PAP 
due  to  abnormal  pulmonary  vasoconstriction  from  eleva- 
tion due  to  an  anatomic  obstruction  to  pulmonary  blood 
flow  (eg,  a  stenotic  surgical  anastomosis  or  missed  branch 
pulmonary  artery  stenosis).  If  the  PAP  is  unresponsive  to 
INO,  an  anatomic  obstruction  to  flow  should  be  consid- 
ered.4o 

In  patients  undergoing  Fontan-type  procedures,  the  PVR 
can  be  critical  for  maintaining  CO.  In  a  study  by  Ga- 
millscheg,  1 .5-10  ppm  INO  decreased  central  venous  pres- 
sure by  15.3  ±  1.4%  and  transpulmonary  artery  gradient 
by  42  ±  8%.-^*  Left  atrial  pressure  and  mean  systemic 
pressure  were  increased  by  28  ±  8  and  1 2  ±  4%,  respec- 
tively, indicating  a  clinically  significant  acute  hemody- 
namic improvement. 

The  effective  dose  of  INO  in  both  infants  and  children 
appears  to  be  similar  to  or  slightly  higher  than  that  needed 
for  adults.  While  earlier  papers  reported  using  doses  in  the 
range  of  80  ppm,-"  more  recent  papers  have  reported  clin- 
ical success  with  doses  in  the  1-2  ppm  range.^^"  While  INO 
does  lower  PVR  and  can  increase  RV  function  and  CO.  in 
postoperative  children,  research  thus  far  has  not  demon- 
strated that  use  of  INO  confers  a  survival  advantage  be- 
yond that  of  routine  management  for  pulmonary  hyper- 
tension (oxygen,  sedation,  respiratory  alkalosis). -^'' 
Nevertheless,  there  are  numerous  case  reports  where  INO 
was  deemed  critically  necessary  in  weaning  from  CPB.-*-""*"* 
In  situations  where  pulmonary  hypertension  limits  R  V  func- 
tion or  CO.,  INO  might  be  the  treatment  of  choice. 

Safety  Issues  in  Pediatric  Patients 

INO  has  now  been  used  safely  and  without  complica- 
tions in  the  vast  majority  of  cases  in  infants  and  children. 
However,  excessive  methemoglobinemia  secondary  to  INO 
is  a  particular  concern  in  infants.  The  enzyme  that  is  re- 
sponsible for  converting  methemoglobin  to  hemoglobin  is 
methemoglobin  reductase.  Methemoglobin  reductase  ac- 
tivity in  neonates  is  approximately  half  of  that  in  adults. 
Elevated  methemoglobin  levels  have  been  reported  in  ne- 
onates.'''^'** 
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Practical  Operating  Room  Application 

The  Ohmeda  delivery  system  (Datex-Ohmeda  Division 
Instrumentarium  Corp,  Helsinki,  Finland)  can  be  set  up  to 
deliver  INO  to  the  inspiratory  limb  of  the  anesthetic  cir- 
cuit. The  delivery  system  is  attached  to  the  inspiratory 
limb  near  the  anesthesia  machine  to  allow  for  thorough 
mixing  of  the  NO  with  the  other  inspiratory  gases  prior  to 
measurement  of  the  NO  concentration  and  delivery  to  the 
patient.  The  NO  and  NO,  analyzer  is  attached  to  the  in- 
spiratory limb  6-10  inches  from  the  Y  connector  to  pre- 
vent measurement  of  expiratory  NO.  Both  NO  and  NO, 
are  continuously  monitored.  We  also  continuously  monitor 
inspiratory  Oj  concentration  and  recommend  immediate 
measurement  of  methemoglobin,  followed  by  repeated 
measurement  every  6  hours. 

We  start  nearly  all  adult  and  pediatric  patients  at  20 
ppm.  If  there  is  no  improvement  in  PAP  after  5-10  min  the 
NO  is  discontinued,  though  it  is  important  to  remember 
that  NO  might  be  effective  later.  If  there  is  a  significant 
improvement  in  hemodynamics  with  20  ppm  INO,  we 
gradually  decrease  the  concentration  to  approximately  5 
ppm  unless  the  response  is  decreased. 

Rebound  pulmonary  hypertension  has  been  reported 
upon  discontinuation  of  INO.^'  Although  the  definition 
and  mechanisms  remain  unclear,  planning  for  discontinu- 
ation of  INO  is  important.  Several  steps  can  help  prevent 
rebound  pulmonary  hypertension:  ( 1 )  wean  from  low  doses, 
ie,  I  ppm;  (2)  compensate  for  potential  increases  in  PAP 
by  increasing  other  vasodilators  or  therapies;  and  (3)  wean 
after  clinical  improvement. 

Summary 

In  summary,  INO  can  be  of  clinical  benefit  in  the  setting 
of  RV  failure  and  pulmonary  hypertension.  Case  reports 
and  small  studies  have  demonstrated  that  INO  decreases 
PVR  and  can  improve  RV  function  and  CO.  in  patients 
with  cardiac  disease.  INO  has  the  advantage  that  it  lowers 
PVR  without  producing  systemic  hypotension  (which  can 
decrease  coronary  perfusion  pressure  and  worsen  RV  isch- 
emia and  RV  function).  In  the  United  Kingdom,  a  consen- 
sus conference  group  has  designated  RV  failure  as  one  of 
the  clinical  indications  for  the  administration  of  INO.-"*  In 
contrast  to  RV  failure,  patients  with  LV  dysfunction  can 
be  contraindicated  for  INO  because  of  the  risk  of  inducing 
pulmonary  edema. 
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Discussion 

Stewart:  What  is  the  experience 
with  INO  in  patients  presenting  with 
right  ventricular  infarction? 

Rich:  I  can't  quote  any  studies  on 
that  in  particular.  As  you  know,  you 
are  going  to  have  a  certain  number  of 


patients  who  come  off  cardiopulmo- 
nary bypass  with  either  biventricular 
dysfunction,  or  right  ventricular  isch- 
emia, or  with  a  right  ventricular  in- 
farct. It's  not  nearly  as  common,  ob- 
viously, as  left  ventriculardysfunction, 
but  it  does  occur.  In  those  patients,  we 
use  INO  to  decrease  the  afterload  on 
the  right  ventricle,  in  the  hope  of  im- 
proving right  ventricular  dysfunction. 


I  can't  give  you  any  outcome  studies 
or  anything  to  show  that  it  makes  an 
outcome  difference,  but  I  think  it  has 
the  potential  to  make  a  difference. 

Stewart:  Outside  of  the  post-pump 
population,  are  people  using  NO  com- 
monly in  the  coronary  care  unit  envi- 
ronment, where  someone  walks  in  off 
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the  street  with  a  right  ventricular  in- 
farct? 

Rich:  I  don't  have  any  experience  with 
that.  Are  there  other  people  here  that  might 
have  had  experience  with  that? 

Hess:  I  guess  one  of  the  issues  would 
be,  how  do  you  administer  it,  because 
many  times  those  patients  are  not  in- 
tubated or  mechanically  ventilated,  so 
it  becomes  a  technical  challenge  to 
administer  the  NO  to  those  patients. 
Not  impossible,  but.  .  . 

Channick:  In  pure  right  ventricular 
infarcts,  the  physiology  is  one  of  inabil- 
ity to  handle  preload,  not  necessarily  an 
afterload  problem  where  you'd  expect 
NO  to  work.  So  in  thinking  this  through, 
I'm  wondering  if  you'd  see  efficacy.  But 
I  don't  know  of  any  experience. 

Gerlach:  I  think  these  differences 
between  the  efficacy  on  output  and 
pulmonary  pressure  might  be  very  im- 
portant also  for  use  in  adults:  the  cli- 
nicians really  like  pulmonary  artery 
pressure  (PAP),  because  they  can  mea- 
sure it.  They  don't  like  pulmonary  vas- 
cular resistance,  because  they  say  it's 
just  calculated.  The  physiology  is  just 
the  other  way  around.  The  pulmonary 
vascular  resistance  is  the  regulator  and 
the  PAP  is  a  result.  The  study  from 
Shulze-Neick'  showed  that  the  nonre- 
sponders  (due  to  PAP)  were  actually 
responding.  They  had  a  tremendous 
change  in  cardiac  output.  And,  I  was 
wondering  if  we  might  be  totally 
wrong  if  we  define  PAP  changes  as  a 
response.  Maybe  we  would  have 
changes  in  cardiac  output  if  we  used  it 
in  acute  respiratory  distress  syndrome. 
And  if  we  have  increased  cardiac  out- 
put with  a  decreased  pulmonary  vas- 
cular resistance,  we  don't  see  any 
change  in  PAP. 
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Rich:  I  think  that  brings  up  an  im- 
portant point.  In  this  patient  popula- 
tion, when  you're  assessing  whether 
INO  is  making  a  difference,  it's  im- 
portant to  look  not  just  at  pulmonary 
artery  pressure;  you  have  a  lot  of  things 
in  your  armamentarium,  including 
transesophageal  echo,  visualizing  the 
heart,  cardiac  output,  and  pulmonary 
vascular  resistance.  It's  important  to 
look  at  the  big  picture  to  see  if  you're 
making  any  difference. 

Pearl:  Two  related  questions.  In 
terms  of  the  cardiac  surgery  type  pa- 
tients in  particular,  do  you  view  NO 
as  being  conceptually  different  than 
intravenous  vasodilators  in  terms  of 
its  effects  on  the  pulmonary  circula- 
tion, or  is  its  benefit  really  just  avoid- 
ing the  systemic  effects  of  intravenous 
vasodilators? 

Rich:  I  think  you're  probably  right. 
Clearly,  you  can  get  decreases  in  pul- 
monary vascular  resistance  equal  to 
INO  with  other  vasodilators.  But,  what 
you  really  avoid  is  decreases  in  sys- 
temic vascular  resistance. 

Pearl:  I  think  I  would  agree,  and 
that's  why  many  people,  for  example, 
pre-heart  transplantation,  are  talking 
about  using  NO  to  assess  pulmonary 
vascular  reactivity.  If  so,  in  the  pa- 
tient post-cardiopulmonary  bypass, 
who  is  almost  always  on  multiple  va- 
soactive agents  at  that  time,  do  you 
believe  that  it  makes  a  difference  what 
agents  the  patient  receives  in  terms  of 
whether  you'll  see  an  additional  va- 
sodilator effect  from  NO? 

Rich:  I  think  one  thing  you  see  com- 
monly post-cardiopulmonary  bypass 
is  systemic  hypotension,  so  many 
times  you  want  to  avoid  vasodilators. 
You  may  not  see  a  lot  of  additional 
effects  from  INO  if  the  patient  is  al- 
ready on  other  vasodilators.  But  if 


you're  trying  to  avoid  systemic  hypo- 
tension, you  can  use  INO  instead  of 
nonselective  vasodilators. 

Pearl:  We  pretty  commonly  have 
the  setting  of  left  ventricular  and  right 
ventricular  dysfunction  post-bypass, 
and,  thus,  are  usually  trying  to  reduce 
the  left  ventricle  afterload,  and,  thus, 
are  already  on  some  sort  of  afterload 
reduction.  I  can  tell  you  that  in  the 
laboratory,  whether  you're  using  a  ni- 
trovasodilator  or  another  agent  does 
seem  to  make  a  difference  in  terms  of 
the  efficacy  of  NO.  But,  clinically,  we 
certainly  have  not  been  able  to  prove 
that. 

Rich:  There  are  so  many  different 
scenarios  for  this.  I  think  in  the  pa- 
tient you're  describing  where  there's 
systemic  hypertension,  certainly 
you're  going  to  add  other  vasodilators 
first.  In  the  presence  of  other  vasodi- 
lators, you  may  not  see  a  lot  of  vaso- 
dilation from  INO.  But,  like  I  said,  I 
think  a  significant  number  of  patients 
are  hypotensive,  in  which  case  INO  is 
beneficial. 

Bigatello:  How  do  you  deliver  NO 
in  the  operating  room? 

Rich:  We've  got  the  folks  right  over 
here. 

Bigatello:     With  the  INOvent? 

Rich:     Yes. 

Pearl:  George,  you  said  that  you 
only  use  20  ppm  as  your  maximum 
dose.  We've  had  post-cardiotomy  pa- 
tients who  seem  to  require  40  or  80 
ppm.  Have  you  checked  and  found  that 
a  higher  dose  doesn't  help? 

Rich:  It  is  rare  that  giving  more  than 
20  ppm  provides  additional  vasodila- 
tion. It's  much  more  common  for  us 
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to  start  at  20  ppin  and  wean  down.  I 
realize  there  are  people  here  who  use 
higher  concentrations  than  that.  I  think 
20  ppm  gives  about  the  maximum  ef- 
fect we  see  in  this  patient  population. 
In  many  cases  20  ppm  is  probably 
about  10  times  as  much  as  you  really 
need. 


Hurford:  John,  do  you  want  to 
comment  on  that,  given  your  experi- 
ence of  using  80  ppm  mostly  in 
children  with  congenital  heart  disease? 

Thompson:  We  have  used  80  ppm 
since  1990,  and  have  yet  to  change.  I 
think  what  we  have  changed  is  our- 


weaning  response  so  that  within  the 
first  hour,  more  likely  than  not,  we"re 
down  to  20  ppm.  We  do  have  a  hand- 
ful of  patients  who  do  not  respond 
to  20,  40,  or  60,  and  only  respond  to 
80  ppm.  There  have  been  varied 
diagnoses,  but  we  do  have  those 
patients. 
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Introduction 

The  perioperative  care  of  heart  or  lung  transplant  pa- 
tients is  one  of  the  most  formidable  challenges  clinicians 
face.  As  we  learn  more  about  the  role  of  endogenous  nitric 
oxide  (NO)  and  the  role  of  vascular  endothelial  cells  in 
cardiovascular  and  pulmonary  disease,  inhaled  nitric  oxide 
(INO)  therapy  has  generated  a  great  deal  of  interest.  In 
healthy  humans,  NO  regulates  basal  pulmonary  vascular 
resistance  (PVR),  and  helps  to  maintain  a  low  PVR,  com- 
pared with  the  systemic  vascular  resistance.  Pulmonary 
vascular  resistance  can  be  increased  by  hypoxia,  hyper- 
carbia,  shear  stress,  or  intrinsic  parenchymal  pulmonary 
diseases.' 

Heart  and  lung  transplantation  candidates  often  have 
end-stage  organ  disease  associated  with  hypoxemia  and 
pulmonary  hypertension,  which  complicates  their  care.  The 
role  of  endogenous  NO  in  chronic  hypoxia  remains  un- 
clear. The  most  widely  accepted  theory  at  present  is  that 
development  of  chronic  hypoxic  hypertension  is  due  to 
endothelial  dysfunction.-  A  paucity  of  NO  would  impair 
relaxation  and  favor  excessive  pulmonary  vasoconstriction 
in  response  to  various  contractile  stimuli.  This  is  important 
in  the  perioperative  period  because  the  severity  of  pulmo- 


nary hypertension  increases  the  risk  of  complications  dur- 
ing heart  or  lung  transplantation.  The  exact  mechanism  by 
which  prolonged  alveolar  hypoxia  produces  pulmonary  hy- 
pertension remains  unknown.^ 

INO,  as  a  selective  pulmonary  vasodilator,  appears  to  be 
an  attractive  therapy  for  modulating  pulmonary  vascular 
tone  for  heart  and  lung  transplant  patients.  Unlike  intra- 
venously administered  NO  donors,  INO  reduces  PVR  with- 
out producing  systemic  vasodilation.  INO  is  selective  for 
pulmonary  vasodilation  because  it  is  rapidly  inactivated  on 
binding  to  hemoglobin.^  Because  INO  dilates  ventilated 
regions  of  the  lung,  ventilation  and  perfusion  (ventilation- 
perfusion  ratio  [V/Q])  matching  often  improves,  and  arte- 
rial oxygenation  increases.-'^ 

This  article  addresses  the  clinical  use  of  INO  in  patients 
receiving  heart  or  lung  transplants.  The  preoperative  (di- 
agnostic) use  of  INO  for  pulmonary  vascular  reactivity 
testing,  its  use  as  a  potential  bridge  to  transplantation, 
applications  in  graft  protection  and  preservation,  its  use 
during  surgery  and  in  the  postoperative  period,  and  dosing 
and  timing  are  discussed. 

Preoperative  Use  of  INO  for  the  Heart  or  Lung 
Transplant  Candidate 
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Lung  transplant  candidates  are  always  patients  with  end- 
stage  pulmonary  parenchymal  and/or  pulmonary  vascular 
disease.  Heart  transplant  candidates  often  have  various 
degrees  of  PVR  elevation,  which  has  important  implica- 
tions for  the  postoperative  function  of  the  right  ventricle. 
Lung  transplant  candidates  typically  have  varying  degrees 
of  hypoxemia  due  to  poor  V/Q  matching  and  pulmonary 
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hypertension.  In  patients  undergoing  single  lung  transplan- 
tation or  sequential  bilateral  lung  transplantation,  and  in 
whom  cardiopulmonary  bypass  (CPB)  is  to  be  avoided,  the 
non-transplanted  lung  will  have  to  handle  the  entire  car- 
diac output  through  its  pulmonary  vascular  bed.  A  normal 
pulmonary  vascular  bed  can  tolerate  large  increases  in 
antegrade  pulmonary  blood  flow  as  occurs  during  pulmo- 
nary artery  clamping  for  pneumonectomy.  But  if  the  vas- 
cular bed  is  not  compliant  enough,  acute  right  heart  failure 
may  result,  with  the  potential  need  for  emergent  CPB  dur- 
ing pneumonectomy. 

The  problem  is  compounded  in  a  heart  transplant  can- 
didate with  elevated  PVR  secondary  to  either  concurrent 
lung  disease  or  a  longstanding  left-to-right  shunt  that  has 
reversed  (Eisenmenger  syndrome).  Such  a  patient  would 
ideally  be  considered  for  heart-lung  transplantation,  thereby 
alleviating  both  problems  and  avoiding  the  risk  of  right 
heart  failure  in  the  postoperative  period.  However,  be- 
cause of  the  current  paucity  of  organ  donors,  a  heart-lung 
block  is  most  likely  to  be  distributed  amongst  three  recip- 
ients, in  an  effort  to  help  more  patients.  Therefore,  INO 
might  be  extremely  valuable  in  patients  who  otherwise 
would  have  to  wait  for  a  combined  heart-lung  transplan- 
tation. 

Heart  and  lung  transplant  candidates  undergo  extensive 
testing  preoperatively.  Heart  or  lung  transplant  candidates 
with  pulmonary  hypertension  and  right  heart  dysfunction 
may  qualify  for  heart  transplantation  or  single  lung  trans- 
plantation alone  if  improvement  in  PVR  or  ventricular 
performance  can  be  shown  preoperatively  (reversible  pul- 
monary vasoconstriction,  or  non-fixed  pulmonary  hyper- 
tension). For  the  preoperative  evaluation  of  transplant  can- 
didates, INO  can  be  used  as  an  alternative  to  intravenous 
pulmonary  vasodilators,  such  as  calcium  channel  blockers, 
prostaglandins,  sodium  nitroprusside,  or  nitroglycerin.  In 
contrast  to  those  drugs,  INO  does  not  induce  hypoxemia, 
because  the  vasodilation  it  causes  occurs  only  in  ventilated 
areas.  Systemic  side  effects  such  as  hypotension,  common 
with  the  aforementioned  drugs,  do  not  occur  with  INO.* 
On  the  other  hand,  there  is  recent  evidence  that  INO,  ad- 
ministered during  preoperative  cardiac  catheterization,  may 
increase  left  ventricular  filling  pressures  in  patients  await- 
ing heart  transplantation.^  The  mechanism  is  unclear,  but 
could  also  be  related  to  improvement  in  right  ventricular 
performance  resulting  in  an  increased  pulmonary  venous 
return  to  the  left  heart. 

INO  as  a  Bridge  to  Transplantation  in  Lung 
.-    Transplant  Recipients 

Conventional  medical  therapy  does  not  stop  the  pro- 
gression of  the  disease  in  patients  awaiting  an  organ  for 
transplantation.  Chronic  hypoxemia,  typical  in  patients 
awaiting  lung  transplantation,  results  in  hypoxic  pulmo- 


nary vasoconstriction,  resulting  in  an  even  higher  PVR. 
INO  reverses  the  elevated  PVR  associated  with  hypoxic 
pulmonary  vasoconstriction.**  Thus,  in  patients  with  re- 
versible vasoconstriction,  INO  may  provide  a  pharmaco- 
logic bridge  to  lung  transplantation.  Although  more  con- 
trolled studies  are  needed,  it  appears  that  continuous 
inhalation  of  low  concentrations  of  NO  is  safe.'''^'"  A  few 
such  human  cases  have  been  reported,  notably  in  a  40- 
year-old  patient  with  primary  pulmonary  hypertension 
awaiting  heart-lung-transplantation."  INO  also  seems  to 
be  ideally  suited  to  discriminate  between  patients  needing 
combined  heart-lung  transplantation  and  heart  transplan- 
tation alone. '2 

INO  for  Graft  Preservation 

Lungs  and  hearts  harvested  for  transplant  are  considered 
to  be  the  organs  most  sensitive  to  ischemia,  compared  to 
other  solid  organs  such  as  the  liver  or  kidneys.  Good  pres- 
ervation of  donated  organs  is  essential  for  successful  trans- 
plantation. The  acceptable  ischemic  time  for  a  donor  hu- 
man lung  or  heart  is  6  to  8  hours.  There  is  currently  no 
ideal  or  universally  accepted  method  to  preserve  hearts  or 
lungs  during  the  period  of  harvesting,  transport,  and  im- 
plantation. The  transplanted  organ  undergoes  cold  isch- 
emia, followed  by  warm  reperfusion.  Clinically,  this  re- 
sults in  various  degrees  of  ventricular  dysfunction, 
pulmonary  hypertension,  increased  capillary  permeability, 
and  increased  endothelial  adherence  and  sequestration  of 
neutrophils  in  the  graft. '^  On  a  cellular  level,  endothelial 
dysfunction  is  the  hallmark  of  ischemia-reperfusion  (IR) 
injury.''*  Selective  loss  of  endothelium-dependent  relax- 
ation after  flush  perfusion  with  Euro-Collins  solution,  the 
most  commonly  used  preservation  solution  for  lung  pro- 
curements, has  been  reported.'"'  Better  preservation  of  the 
pulmonary  endothelium  may  reduce  postoperative  PVR 
elevation,  improve  graft  function,  and  exert  a  preventive 
effect  on  IR  injury  after  lung  transplantation. 

A  decreased  release  of  endothelial  NO  has  been  ob- 
served after  reperfusion  of  transplanted  rat  lung.""  Because 
NO  regulates  pulmonary  vascular  tone,  aids  in  maintaining 
endothelial  integrity,  and  modulates  neutrophil  adhesive- 
ness and  activation,  it  seems  logical  to  use  exogenous  NO 
or  NO  precursors  to  protect  endothelial  function.  In  a  rat 
model,  supplementing  the  preservation  solution  with  ni- 
troglycerin (an  NO  donor)  resulted  in  improved  oxygen- 
ation, improved  pulmonary  arterial  flow,  and  improved 
survival  after  transplantation,  compared  to  preservation 
with  Ringer's  solution.'''  The  addition  of  L-arginine,  an 
NO  precursor,  to  the  preservation  solution  also  had  a  ben- 
eficial effect  on  lung  function  after  IR  injury.'**  Also,  there 
is  evidence  that  INO  attenuates  IR  injury  and  improves 
lung  function  when  administered  to  the  donor  during  the 
ischemic  period  in  the  setting  of  non-heart-beating  lung 
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transplantation  (cadaver  ventilation). '■'■^o  Human  organ 
preservation  trials  are  needed  to  properly  assess  the  role  of 
exogenous  NO  and  NO  donors  in  organ  preservation. 

In  myocardial  IR,  NO  replacement  therapy  is  being 
viewed  as  an  attractive  way  to  attenuate  neutrophil-medi- 
ated  injury ."-2'  In  several  animal  models  NO  pathway  sup- 
plementation has  been  shown  to  enhance  cardiac  preser- 
vation.-^  INO  has  not  been  studied  in  this  setting. 

Use  of  INO  during  Surgery 

During  lung  transplantation,  a  primary  consideration  is 
whether  CPB  is  needed.  The  need  for  CPB  relates  to  the 
ability  of  the  recipient's  right  ventricle  to  compensate  for 
the  additional  elevations  in  PVR  encountered  during  the 
transplant  procedure.  Patients  with  one  or  more  of  the 
following  preoperative  findings  will  likely  need  CPB  dur- 
ing lung  transplantation:  preoperative  room  air  P,,q^  <  39 
mm  Hg,  mean  pulmonary  artery  pressure  (PAP)  >  45  mm 
Hg,  or  PVR  >  546  dyn-s-cm^\2.^  It  js  important  to  mon- 
itor PAP  throughout  the  lung  transplant  procedure  because 
acute  pulmonary  hypertension  can  occur  during  induction 
and  maintenance  of  anesthesia.  Certain  drugs  such  as  ni- 
trous oxide,  a  agonists,  and  curare  can  increase  PVR. 
Intraoperative  hypoxemia  and  hypercapnia,  particularly 
during  one-lung  anesthesia,  may  also  increase  PVR  and 
produce  right  ventricular  dysfunction.  But,  despite  optimal 
management,  including  the  use  of  INO,  some  patients  still 
require  CPB,  which  introduces  additional  risks  to  the  lung 
graft  and  the  patient.  If  CPB  is  necessary,  the  transplanted 
lung  is  reperfused  with  activated  blood  elements,  which 
may  exacerbate  the  reperfusion  injury.  In  our  experience  at 
the  Massachusetts  General  Hospital,  weaning  from  CPB 
after  lung  transplantation  has  been  facilitated  by  INO  ad- 
ministration, presumably  because  the  INO  is  replacing  en- 
dogenous NO,  which  can  be  deficient  because  of  endothe- 
lial dysfunction  in  the  donor  lung.  Adatia  et  al-"*  found  that 
INO  improved  graft  function  in  6  patients  post  lung  trans- 
plantation. Following  lung  transplantation,  INO  lowered 
PAP,  PVR,  and  intrapulmonary  shunt  fraction.  A  sustained 
improvement  in  oxygenation  was  also  noted. 

Timing  of  INO  administration  has  also  been  a  matter  of 
debate.  In  a  pulmonary  IR  model,  INO  given  immediately 
at  reperfusion  was  deleterious  after  30  min  of  reperfusion, 
whereas  delaying  the  administration  of  NO  by  as  little  as 
10  min,  or  treatment  with  superoxide  dismuta.se  (an  oxy- 
gen free  radical  scavenger),  resulted  in  improved  lung  func- 
tion.** This  suggests  a  possible  harmful  interaction  between 
NO  and  oxygen  free  radicals  during  initial  reperfusion. 
However,  most  studies  have  used  INO  from  the  on.set  of 
reperfusion,  with  good  results. '^•^""-''•26 


Postoperative  Use  of  INO 

At  least  20%  of  patients  exhibit  transient  graft  dysfunc- 
tion after  lung  transplantation. ^^  The  accompanying  endo- 
thelial dysfunction  results  in  a  net  decrease  in  endogenous 
NO  release,""  which  may  contribute  to  pulmonary  hyper- 
tension. There  is  a  growing  body  of  evidence  indicating 
that  INO  is  beneficial  when  used  postoperatively  after  ex- 
perimental and  clinical  lung  transplantation.  Most  experi- 
mental studies  used  ischemic  times  of  18  to  24  hours  to 
ensure  that  a  significant  IR  injury  developed.  When  used 
during  the  first  4  hours  only  after  porcine  lung  allotrans- 
plantation, INO  was  found  to  have  a  beneficial  effect  on 
graft  function,  and  the  effect  lasted  up  to  24  hours  after 
reperfusion  (end  point  of  the  study).^'^  A  protective  effect 
was  also  demonstrated  on  the  contralateral  native  lung. 
Pulmonary  neutrophil  sequestration  was  significantly  re- 
duced, whereas  endothelial-dependent  relaxation  of  pul- 
monary artery  rings  was  not  significantly  protected  after 
24  hours.  Similar  results  were  obtained  in  an  acute  study 
of  allotransplantation  in  dogs.  INO  started  prior  to  reper- 
fusion improved  graft  function  during  the  first  6  hours 
(end  point  of  the  study),  and  reduced  PVR  and  graft  neu- 
trophil sequestration.-^  INO  started  after  reperfusion  was 
not  observed  to  be  beneficial  in  this  study.  Another  recent 
study  reported  that  INO  used  24  hours  after  porcine  lung 
transplantation  resulted  in  decreased  PVR  that  was  pro- 
portional to  the  degree  of  endothelial  damage  occurring 
during  IR  injury.^**  In  a  report  on  the  effect  of  INO  on  lung 
transplantation  in  rats  with  monocrotaline-induced  pulmo- 
nary hypertension,  INO  used  for  24  hours  after  lung  trans- 
plantation was  found  to  shift  pulmonary  perfusion  toward 
the  native  lung,  resulting  in  reduced  pulmonary  edema  of 
the  transplanted  lung.^^ 

Clinical  experience  has  also  been  accumulating.  Clini- 
cal reports  are  emerging  documenting  the  usefulness  of 
INO  in  severe  reperfusion  injury  following  lung  transplan- 
tation.24-30.31  ]sjo  systemic  side  effects  were  noted.  The 
protective  effect  can  only  partially  be  explained  by  the 
pulmonary  vasodilation  afforded  by  NO.  The  experimen- 
tally-described, decreased  neutrophil  adherence  to  endo- 
thelium and  decreased  migration  and  sequestration  into 
tissues  might  be  in  large  part  responsible  for  the  observed 
protection. '''■2''-^2 

Because  NO  can  generate  methemoglobin,  prolong 
bleeding  time,  and  inhibit  platelet  aggregation,  the  post- 
operative use  of  NO  should  be  closely  monitored."^  It  .seems 
prudent  to  limit  the  concentration  and  duration  of  NO 
therapy  following  lung  transplantation.  Recent  studies  have 
identified  doses  of  30  parts  per  million  (ppm)  or  less  to  be 
maximally  effective. '''■^o^s-^''  High  doses  of  NO  have  the 
theoretical  disadvantage  of  combining  with  reactive  oxy- 
gen species,  producing  toxic  oxygen  radicals.**  We  have 
tried  to  start  INO  as  early  as  possible,  prior  to  reperfusion, 
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and  kept  the  concentration  as  low  as  possible  (usually  less 
than  20  ppm)  while  still  achieving  a  physiologic  response. 
Weaning  INO  is  performed  with  a  gradual  decrease  of  the 
INO  concentration  over  several  hours  following  lung  trans- 
plantation; typically,  the  INO  is  off  within  72  hours.  We 
have  not  seen  any  rebound  hypertension  following  cessa- 
tion of  INO  therapy  in  this  patient  population.  No  com- 
plications with  hemostasis  have  been  observed. 

Pulmonary  hypertension  after  heart  transplantation  is  a 
dreaded  complication.  It  can  result  in  right  heart  failure, 
which  is  very  difficult  to  treat  with  conventional  methods. 
There  are  several  reports  documenting  the  use  of  INO  for 
pulmonary  hypertension  after  heart  transplantation.  ^^"^•'  The 
reduction  in  PVR  and  PAP  was  comparable  with  that  ob- 
tained with  intravenous  nitroprusside  or  prostacyclin,  but 
without  systemic  side  effects.  After  lung  transplantation, 
when  the  target  organ  is  the  same  as  the  organ  to  which  the 
drug  is  delivered,  INO  serves  to  lower  PVR  and  reduce  IR 
injury  through  the  dual  mechanism  of  local  vasodilation 
and  neutrophil  sequestration  inhibition.  Although  NO  me- 
tabolites have  been  reported  to  be  effective  in  myocardial 
IR  injury,  the  short  half  life  of  INO  (because  of  its  inac- 
tivation  by  hemoglobin)  results  in  no  measurable  direct 
effect  on  the  myocardium  itself.  INO-induced  reduction  in 
PVR  indirectly  reduces  right  ventricular  afterload. 

INO  may  be  also  beneficial  following  CPB.  Prolonged 
CPB  results  in  pulmonary  vascular  endothelial  cell  dys- 
function and  increased  pulmonary  vascular  tone.'""  Several 
recent  reports  studied  the  intraoperative  effects  of  INO 
during  cardiac  surgery.  Patients  treated  with  NO  showed 
decreased  PVR  following  CPB.^'^-^"" 

Summary 

INO  is  emerging  as  a  useful  diagnostic  tool  in  patients 
awaiting  heart  or  lung  transplant,  allowing  us  to  distin- 
guish between  those  patients  with  reactive  pulmonary  vas- 
culature and  reversible  pulmonary  hypertension,  and  those 
with  fixed  pulmonary  hypertension.  The  postoperative  use 
of  INO  after  heart  or  lung  transplantation  is  bolstered  by  a 
large  experimental  body  of  work  as  well  as  recent  clinical 
evidence,  and  is  becoming  an  essential  part  of  the  clini- 
cian's armamentarium  in  caring  for  these  often  critically 
ill  patients.  Further  studies  are  needed  to  define  the  exact 
timing,  dose,  and  mechanism  of  action  of  INO  in  the  trans- 
plant population. 
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Discussion 

Dr  Bacha  was  unable  to  attend 
the  Journal  conference,  and  pre- 
sented his  paper  to  his  col- 
leagues. Dean  R  Hess  PhD  RRT 
and  William  Hurford  MD,  at 
Massachusetts  General  Hospi- 
tal. The  discussion  generated  by 
his  presentation  follows. 

Hurford:  Regarding  the  timing,  has 
there  been  work  done  using  NO  or 
administering  NO  to  the  donor  before 
transplantation? 

Bacha:  Clinically,  no.  I  mean,  I 
don't  think  there  have  been  any  stud- 
ies in  humans,  although  I  don't  see 
what  the  down  side  would  be.  So  it 
has  not  been  done,  but  in  animals  it 
has  been  done.  In  experimental  lung 
transplantation  INO  has  been  used  at 


different  time  intervals.  There  was  a 
debate  as  to  whether  using  INO  or 
other  NO  donors  was  actually  detri- 
mental if  you  gave  it  too  early  on, 
because  it  would  react  with  toxic  ox- 
ygen radicals. 


Hess: 

cals? 


Producing  peroxynitrite  radi- 


Bacha:  Exactly.  We  did  not  mea- 
sure the  oxygen  radicals,  but  we  did 
not  find  any  detrimental  effects  from 
using  INO  right  at  the  beginning  of 
reperfusion.  It  may  be  a  question  of 
the  dose,  too,  because  giving  80  ppm, 
for  example,  might  provide  enough 
NO  to  combine  with  oxygen  radicals, 
whereas  giving  30  ppm  might  just  be 
enough  to  be  beneficial. 

Hurford:  Do  you  think  there  is 
a  key  phase  in  the  ischemia  reperfu- 
sion process  that  determines  whether 


NO  is  going  to  be  beneficial  or  detri- 
mental? 

Bacha:  Well,  I  think  the  most  im- 
portant lesions  in  ischemia-reperfu- 
sion  injury  happen  in  the  first  15  to  30 
minutes.  That's  why  I  think  it's  really 
important  to  administer  NO  at  that 
time,  I  think  the  most  common  mis- 
take is  to  start  INO  too  late,  and  then 
the  damage  is  done,  and  then  people 
say  it's  not  working  well.  It  may  not 
be  potent  enough  to  reverse  the  ef- 
fects of  ischemia  reperfusion  injury, 
but  it  certainly  blocks  the  response. 
Just  doing  those  pig  experiments 
was  really  interesting.  You  could  tell 
(it  was  a  blinded  study)  which  pigs 
were  receiving  INO  because  they 
would  be  doing  better  clinically  than 
the  other  pigs.  Those  pigs  were  on 
INO  as  donors,  from  the  beginning  of 
the  experiment. 
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Hess:  Have  you.or  anyone,  looked 
at  bronchoalveolar  lavage  or  cyto- 
kines? 

Bacha:  Yes,  it's  been  done.  There's 
a  group'  that  looked  at  that,  but  we 
did  not.  We  were  looking  for  other 
signs — for  example,  activation  of  neu- 
trophils and  sequestration  of  neutro- 
phils. This  group  did  find  that  with 
INO  there  were  less  neutrophils  in 
bronchoalveolar  lavage  than  without 
INO.  Those  neutrophils,  interestingly, 
were  less  activated  when  INO  was  ad- 
ministered. So  the  current  evidence 
points  to  an  effect  of  INO  on  circu- 
lating neutrophils,  as  well  as  on  the 
endothelium,  which  is  something  that 
hasn't  been  worked  out  really  well  yet. 
But  this  group  did  find  that  the  acti- 
vation of  the  neutrophils  in  bronchoal- 
veolar lavage  is  less  with  INO.  We 
found  that  adherence  of  circulating 
neutrophils  to  pulmonary  artery  endo- 
thelial cell  cultures  is  less  with  INO, 
which  means  that  somehow  the  INO 
has  to  have  an  effect  on  those  circu- 
lating blood  cells,  and  not  only  on  the 
endothelium,  which  is  the  other  com- 
monly accepted  idea. 
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Hurford:  If  you  were  to  design  a 
clinical  study  to  decide  whether  you 
should  use  INO,  what  would  be  your 
end  points,  and  how  would  you  do  it? 

Bacha:  That's  a  tough  question.  If 
it's  a  study,  then  you  would  have  to 
blind  it  and  give  half  your  recipients  a 
placebo,  and  the  other  half  INO.  But  1 
would  do  it  systematically  on  every- 
body, not  wait  for  evidence  of  dam- 
age (ischemia  reperfusion  injury),  and 
then,  obviously,  measure  blood  gases, 
cardiac  outputs,  all  the  clinical  param- 
eters that  you  can.  Bronchoalveolar  la- 


vage would  also  be  interesting.  So, 
measure  PVR  at  specific  time  points, 
and  survival,  look  at  x-rays,  grade  the 
x-rays. 

Hurford:  Certainly  get  through  that 
initial  episode.  The  early  survival  is 
relatively  high,  but,  the  ischemia  reper- 
fusion episode  is  clinically  unpleasant 
because  of  the  use  of  extracorporeal 
membrane  oxygenation  (ECMO)  and 
increased  intensity  of  mechanical  ven- 
tilation, and  duration  of  mechanical 
ventilation. 

Bacha:  Right.  I  agree,  and  because 
we  have  so  much  technical  support 
(you  mentioned  ECMO)  they  do  get 
through,  but  it's  after  2  or  3  months  in 
the  intensive  care  unit,  and  they  are 
debilitated  and  so  forth.  I'm  not  say- 
ing INO  is  a  magic  bullet,  but  it's  cer- 
tainly helpful,  and  the  other  impres- 
sion that  people  who  do  a  lot  of  lung 
transplantations  get  is  that  if  a  patient 
has  had  such  a  stormy  course  or  has 
had  ischemia  reperfusion  injury,  it's 
sometimes  difficult  to  differentiate  be- 
tween ischemia  reperfusion  and,  for 
example,  acute  rejection.  From  a  long- 
term  perspective,  those  patients  do 
worse  than  patients  who  just  fly 
through  the  operation.  I  think  it's  a 
logical  deduction,  but  it's  also  a  clin- 
ical observation.  Would  you  agree? 

Hurford:  Yes.  1  don't  know  of  any- 
body who's  looked  at  late  effects  after 
lung  transplantation. 

Bacha:     I  don't  think  anybody  has. 

Hess:  Is  there  any  basis  for  a  late 
benefit? 

Bacha:  In  theory,  I  would  think  that 
avoiding  damage  to  the  lung,  just 
avoiding  the  activated  neutrophils  get- 
ting into  the  tissues  and  releasing  their 
cytokines  and  so  forth,  would  be  ben- 
eficial in  terms  of  preserving  paren- 
chyma of  the  lung  and  lung  function, 
long-term.  But,  again,  1  don't  think 


anybody  has  studied  or  proven  this.  In 
terms  of  heart  transplantation,  it's  a 
bit  different,  because  it's  more  of  a 
tool  that  we  can  use  in  case  of  pul- 
monary hypertension.  It's  not  effec- 
tive against  myocardial  ischemia- 
reperfusion  injury,  per  se.  If  you  get 
the  myocardial  ischemia  reperfusion 
phenomenon,  INO  is  obviously  not  go- 
ing to  help,  because  it  binds  with  he- 
moglobin, and  it's  not  going  to  get  to 
the  myocardium.  It's  certainly  very 
helpful  in  right  heart  failure.  Right 
heart  failure  after  transplantation  is- 
something  that's  very  difficult  to  deal 
with,  and  there  aren't  any  good  drugs 
for  that. 

Dr  Bacha' s  presentation  to  his 
colleagues  at  Massachusetts 
General  Hospital  was  video- 
taped and  shown  to  the  partici- 
pants in  the  Journal  conference; 
their  comments  follow. 

Hess:  We  do  have  a  few  minutes  if 
any  of  you  would  like  to  add  your 
comments  to  Dr  Bacha' s  presentation. 
I  know  Al  Head  has  done  some  work 
with  NO  and  transplantation,  and  Bill 
(Hurford)  has  thought  about  some  of 
these  issues,  and  perhaps  some  of  the 
others  of  you  as  well.  Unfortunately, 
Dr  Bacha  is  not  here  to  take  ques- 
tions. 

Gerlach:  I  think  you  described  at 
the  end  that  circulating  neutrophils  are 
not  activated  by  INO:  the  question 
again  comes  up  if  NO  is  working  sys- 
temically  or  not.  A  very  interesting 
model  would  be  to  inflate  just  one  lung 
during  transplantation,  because  this 
would  prove  if  this  is  a  local  action. 
The  other  question,  of  course,  is  if  it' s 
working  systemically,  and  this  was 
shown  by  these  in  vitro  experiments. 
Therefore,  it  should  be  discussed  if 
local  admission  of  NO  gas  or  NO- 
donating  drugs  might  be  beneficial.  I 
don't  know  if  there  are  any  data. 

Hurford:  In  one  of  Emile's  papers' 
he  was  able  to  show  a  reduction  in 
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myeloperoxidase  activity  in  the  lung 
tiiat  was  not  transplanted,  so  the  na- 
tive lung  appeared  to  have  a  reduction 
in  neutrophil  accumulation,  which 
would  suggest  that  it's  a  systemic  ef- 
fect. Now,  is  it  a  systemic  effect  of 
neutrophils  just  passing  through  the 
lung  and  being  activated,  because  all 
the  neutrophils  will  get  there  anyway, 
eventually,  or  is  it  due  to  this  pool  of 
nitrosylated  proteins  and  hemoglo- 
bins? I  don't  think  there's  any  way  of 
teasing  that  out.  But  it  does  seem  to 
be  a  systemic  effect,  not  just  to  the 
one  transplanted  lung. 
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Head:  I  think  it  certainly  points  to- 
ward a  systemic  effect  with  INO  for 
the  reasons  that  you  mentioned.  I  think 
that  study  would  be  very  good.  Cer- 
tainly NO  donors  would  not  be  good 
in  this  patient  population  for  oxygen- 
ation reasons,  because  of  shunting  and 
for  all  the  reasons  we  give  INO  to 
begin  with.  But  it's  a  very  difficult 
study  to  do.  In  our  studies,  intraoper- 
atively,  it's  a  very  dynamic  situation. 
Often  these  patients  are  not  stable 
enough  to  obtain  clean  data,  and  it's 
really  quite  a  struggle  to  get  controlled 
studies.  I  was  trying  to  look  at  NO 
effects  in  both  the  diseased  lung  and 
the  donor  lung.  We  still  haven't  com- 


pleted our  data  collection,  but  we  want 
to  see  if  we  can  turn  on  endothelial 
NOS  (eNOS).  We  get  tissue  protein 
from  the  diseased  lung  and  also  get 
tissue  from  the  implanted  lung,  and 
that's  in  process  now.  I  can't  tell  you 
what  the  answer  is  yet:  I  want  to  know 
myself.  However,  we  should  be  able 
to  see  if  we  can  turn  eNOS  on  and  see 
if  it's  regulated  as  far  as  the  endothe- 
lial portion.  But,  again,  this  is  an  ex- 
tremely difficult  study  to  do  in  these 
transplant  patients.  We  have  seen  im- 
provement in  oxygenation.  The  typi- 
cal things  that  you  can  see  with  NO, 
but  that's  really  a  vasodilator  effect 
for  the  most  part. 

X-rays,  I  think,  are  very  difficult  to 
interpret  postoperatively  in  these  pa- 
tients, and  Emile  (Bacha)  mentioned 
grading  x-rays  as  an  end  point.  How- 
ever, in  looking  at  the  x-rays  postop 
in  our  patients.  I  think  that  it's  very 
difficult  to  make  any  type  of  good  as- 
sessment regarding  NO  effects. 

Gerlach:  I  would  be  cautious  to  in- 
terpret this  as  if  NO  does  not  work 
during  ischemia.  During  ischemia  the 
tissue  produces  tons  of  nitric  oxide; 
this  was  shown  by  Zweier  with  elec- 
tron paramagnetic  resonance  technol- 
ogy.' An  ischemic  organ  produces 
much  more  nitric  oxide  directly  from 
nitrite  than  via  the  NOS  pathway.  It 
was  shown  in  lung  transplant  recipi- 
ents, that  directly  after  reperfusion  and 
reinhalation,  you  have  lots  of  NO  in 
the  exhaled  gas.  I  will  show  this  to- 
morrow. But  this  is  probably  produced 
in  the  nonperfused  lung.  So  the  only 


conclusion  is  that  it's  not  useful  to  use 
INO  in  ischeinic  lungs,  because  the 
lung  has  enough. 
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Head:  I  agree  with  yourpoints.  Also, 
I  think  the  best  time  to  use  NO  may  be 
during  harvesting.  Because  what  you 
want  to  do  is  protect  the  endothelium 
at  that  time.  It's  the  dysfunctional  en- 
dothelium, because  of  ischemia  and 
then  reperfusion  that  is  probably  start- 
ing the  cascade  of  problems.  So,  there 
are  studies'"  in  which  they  looked  at 
using  NO  donors  in  preservation  so- 
lution, and  they  seem  to  have  the  best 
outcome.  Those  studies  were  all  ani- 
mal studies  in  dogs  and  rats.  I  haven't 
seen  any  human  studies  using  NO  do- 
nors and  preservation  solution,  but 
that's  probably  the  best  approach,  and 
you  may  or  may  not  need  INO  intra- 
operatively  for  other  reasons.  How- 
ever, it's  during  harvesting  and  the 
ischemia  reperfusion  period  that  NO 
is  probably  most  needed. 
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Introduction 


Pathophysiology 


Chronic  pulmonary  hypertension  is  a  life-threatening 
physiologic  consequence  of  a  diverse  group  of  disease 
processes,  some  common  (for  example,  chronic  obstruc- 
tive pulmonary  disease  [COPD]),  and  some  rare  (such  as 
primary  pulmonary  hypertension).  Pulmonary  hyperten- 
sion can  be  due  to  diseases  that  affect  the  pulmonary  vas- 
culature primarily  (for  example,  primary  pulmonary  hy- 
pertension) or  secondarily  (such  as  parenchymal  lung 
disease  and  cardiac  disease).  A  useful  diagnostic  classifi- 
cation is  shown  in  Table  1 .  To  consider  the  potential  ap- 
plications of  the  pulmonary-selective  vasodilator  inhaled 
nitric  oxide  (INO)  in  these  diseases,  it  is  important  to  first 
review  the  pathogenesis  and  pathophysiology  of  pulmo- 
nary hypertension  and  to  outline  the  role  of  nitric  oxide  in 
these  processes. 
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Pulmonary  hypertension  develops  when  the  cross-sec- 
tional area  of  the  pulmonary  vascular  bed  is  reduced.  Many 
processes  can  lead  to  this  compromise  of  the  vasculature, 
including  vasoconstriction,  vessel  obstruction,  and  vascu- 
lar obliteration.  Pathophysiologically,  chronic  elevation  in 
pulmonary  arterial  pressure  causes  right  ventricular  hyper- 
trophy and  enlargement.  The  ability  of  the  right  ventricle 
to  compensate  for  increased  afterload  likely  determines 
the  natural  history  and  clinical  course  of  a  patient  with 
pulmonary  hypertension,  and  if  right  ventricular  per- 
formance can  be  improved,  symptoms  and  survival  also 
improve. 

Disorders  leading  to  pulmonary  hypertension  include 
processes  affecting  the  pulmonary  vasculature  as  a  pri- 
mary phenomenon  and  illnesses  in  which  pulmonary  hy- 
pertension results  from  insults  occurring  outside  the  vas- 
culature (secondary  causes).  Secondary  causes  include 
pulmonary  parenchymal  disease  (restrictive  and  obstruc- 
tive lung  disease),  cardiac  disease  (septal  defects,  valvular 
disorders,  cardiomyopathy),  and  disorders  of  ventilation. 
Primary  vascular  disorders  include  chronic  unresolved 
pulmonary  emboli  in  large  vessels  and  primary  pul- 
monary hypertension  involving  small  vessels  diffusely 
(See  Table  1). 


212 


Respiratory  Care  •  February  1999  Vol  44  No  2 


Long-Term  Use  of  INO  for  Pulmonary  Hypertension 


Table  I.      Diagnostic  Classification  of  Disorders  Leading  to 
Pulmonary  Hypertension 

Non  Pulmonary  Vascular 
Lung  Disease 

Restrictive:  Pulmonary  fibrosis 

Obstructive:  COPD.  CF 
Heart  Disease 

Congenital  Heart  Disease:  ASD.  VSD.  Anomalous  vein 

Valvular  Heart  Disease:  Mitral  stenosis 

Left  Ventricular  Disease:  Cardiomyopathy 
Disorders  of  Ventilation 

Obesity — hypoventilation  syndrome 

Sleep  apnea 
Pulmonary  Vascular 
Large  vessel 

Chronic  thromboemboli 

Mediastinal  fibrosis 

Tumors 
Small  vessel 

Primary  pulmonary  hypertension 

Vasculitis 


COPD  =  chronic  obstructive  pulinonary  disease;  CF  - 
defect:  VSD  -  ventricular  septal  defect. 


cystic  fibrosis;  ASD  =  atrial  septal 


In  addition  to  pulmonary  arterial  hypertension,  gas  ex- 
change derangements  can  also  be  present  in  several  of 
these  conditions.  In  pulmonary  parenchymal  disease-in- 
duced pulmonary  hypertension,  intraparenchymal  shunt- 
ing and  low  ventilation-perfusion  ratio  (V/Q)  areas  are 
often  present.  Septal  defects  and  severe  primary  pulmo- 
nary vascular  disorders  can  also  be  associated  with  hypox- 
emia, through  intracardiac  right  to  left  shunting  and/or  low 
mixed  venous  arterial  oxygen  tension  (P^.o,)  secondary  to 
low  cardiac  output. 

From  a  clinical  standpoint,  pulmonary  hypertension  may 
be  "fixed"  (indicating  predominantly  obstruction  or  oblit- 
eration), or  "reversible"  (indicating  vasoconstriction).  In 
general,  the  greater  the  vasoconstriction  the  more  clinical 
success  will  be  obtained  with  a  vasodilator.  This  fact  has 
been  well  demonstrated  in  primary  pulmonary  hyperten- 
sion (PPH).'  To  determine  a  patient's  degree  of  vasoreac- 
tivity,  it  is  necessary  to  administer  a  vasodilator  while 
measuring  pulmonary  hemodynamics.  In  PPH,  only  25% 
of  patients  have  significant  reactivity,-  and  this  percentage 
is  probably  even  less  in  secondary  forms  of  pulmonary 
hypertension.^ 

Patients  with  significant  parenchymal  lung  disease  face 
an  additional  pathophysiologic  challenge.  In  these  patients, 
a  "nonselective"  vasodilator  may  actually  worsen  hy- 
poxemia by  vasodilating  poorly- ventilated  and  nonventi- 
lated  lung  regions.-*  In  contrast,  a  "selective"  vasodilator 
(one  that  is  preferentially  delivered  to  and  acts  on  better- 


ventilated  lung  regions)  may  improve  oxygenation.  INO 
appears  to  be  such  an  agent. 

Pathogenesis  of  Pulmonary  Hypertension; 
Role  of  Nitric  Oxide 

The  mechanisms  involved  in  the  development  and  main- 
tenance of  pulmonary  hypertension  are  complex  and  vari- 
able, depending  on  the  cause.  The  crucial  role  of  the  vas- 
cular endothelium  is  clear.  Many  mediators,  including  nitric 
oxide  (NO),  are  now  known  to  be  released  by  the  endo- 
thelium. These  substances  may  be  protective,  by  maintain- 
ing the  vasculature  in  a  relaxed,  nonproliferative  state  (for 
example,  NO  or  prostacyclin),  or  detrimental  if  they  favor 
vasoconstriction  and  vascular  cell  proliferation  (for  exam- 
ple, thromboxane  A2  or  endothelin  I ).  An  imbalance  of 
actions  of  these  mediators  is  thought  to  be  responsible  for 
many  of  the  pathophysiologic  changes  in  pulmonary  hy- 
pertension.'* 

In  healthy  humans,  basal  production  of  endothelium- 
derived  NO,  by  way  of  the  enzyme  NO  synthase  (NOS), 
may  help  to  maintain  and  modulate  pulmonary  vascular 
tone.''''  However,  the  precise  role  of  NO  in  pulmonary 
hypertension  is  not  well  known. 

In  conditions  such  as  sleep  apnea  and  COPD.  hypoxia  is 
likely  to  contribute  to  the  development  of  pulmonary  hy- 
pertension through  development  of  medial  hypertrophy, 
neomuscularization,  and  vasoconstriction.  However,  the 
effects  of  both  acute  and  chronic  hypoxia  on  NO  produc- 
tion and  activity  is  debated.  There  are  conflicting  reports 
as  to  whether  hypoxia  leads  to  reduction'*  "■'-  or  augmen- 
tation'-'-'■'^  of  NO  production  or  endothelial  NOS  (eNOS) 
expression.  Even  less  is  known  about  the  pathogenetic  role 
of  NO  in  human  pulmonary  hypertension.  A  fundamental 
obstacle  lies  in  the  fact  that  patients  typically  present  with 
advanced  pulmonary  vascular  remodeling.  Therefore,  one 
cannot  replay  the  processes  that  led  to  the  advanced  dis- 
ease state. 

Dinh-Xuan  et  al  discovered  that  various  disease  states 
(including  Eisenmenger  syndrome,  COPD,  and  cystic  fi- 
brosis) are  associated  with  a  decrease  in  endothelium-de- 
pendent  relaxation."''''  Using  immunohistochemical  tech- 
niques, Giaid  and  Saleh  found  decreased  endothelial  NOS 
in  patients  with  primary  pulmonary  hypertension.-"  Their 
findings  suggest  that  pulmonary  hypertension  is  at  least 
associated  with  impaired  NO  production. 

In  addition  to  its  selective  pulmonary  vasodilating  ef- 
fects, INO  has  been  identified  as  having  2  other  potentially 
beneficial  effects:  inhibition  of  platelet  aggregation  and 
inhibition  of  cell  proliferation,  both  of  which  may  be  impor- 
tant in  the  context  of  chronic  pulmonary  hypertension. 
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NASAL 
CANNULAE 


CYLINDER   OF 
100PPM    NITRIC 
OXIDE 

Fig.  1.  Schematic  representation  of  system  for  pulsed  delivery  of  inhaled  nitric  oxide  to  ambulatory  outpatients. 


Inhibition  of  Platelet  Aggregation 

There  is  evidence  that  abnormal  platelet  activity  and 
other  coagulation  abnormalities  occur  in  PPH  patients.- '■-- 
INO  has  been  shown  to  inhibit  platelet  aggregation  and 
platelet-mediated  pulmonary  thrombosis  in  rats.-^  The  clin- 
ical role  of  INO  in  preventing  thrombosis  in  pulmonary 
hypertension,  however,  is  not  known. 

Inhibition  of  Vascular  Smooth  Muscle 
Cell  Proliferation 

Pulmonary  hypertension-associated  vasculopathy  is 
characterized  by  proliferative  changes,  such  as  intimal 
thickening,  medial  hypertrophy,  and  plexiform  lesions.  Ex- 
perimental evidence  suggests  that  INO  has  anti-prolifera- 
tive  properties  that  can  potentially  alter  the  vascular  changes 
seen  in  pulmonary  hypertension.  NO-producing  vasodila- 
tors, such  as  glyceryl  trinitrate,  have  been  found  to  inhibit 
proliferation,  migration,  and  deoxyribonucleic  acid  syn- 
thesis of  smooth  muscle  cells  and  fibroblasts,--'-''  as  well  as 
to  inhibit  neointimal  proliferation  after  vascular  injury. -'' 

Practical  Delivery  System  for  Ambulatory 
INO  Delivery 

The  INO  delivery  systems  used  in  intubated,  mechani- 
cally ventilated  patients  cannot  be  used  in  the  home  set- 
ting, so  delivering  INO  to  outpatients  required  develop- 


ment and  testing  of  a  safe,  practical  system.  An  ideal  home 
delivery  system  would:  ( 1 )  require  no  dilution  to  the  source 
tank,  (2)  maximize  efficiency  of  gas  use,  and  (3)  pose 
minimal  environmental  risk.  Pulsed  or  bolus  delivery  of 
INO  via  nasal  cannula  seems  to  fulfill  these  criteria. 

At  University  of  California  San  Diego  Medical  Center, 
our  delivery  system  consists  of  a  source  tank  of  80-100 
parts  per  million  (ppm)  INO  connected  to  a  demand-acti- 
vated pulsing  device  (Figs.  1  &  2),  which  is  connected  to 
the  patient  by  a  nasal  cannula  (up  to  30  feet  in  length).  The 
patient  triggers  INO  delivery  each  time  he  or  she  generates 
a  negative  pressure  of  0.5  cm  HiO  during  inspiration. 
Approximately  1 8  mL  of  the  gas  carrying  the  INO  is  pulsed 
into  each  inspiration.  Although  the  duration  of  each  pulse 
can  be  varied,  the  flow  is  kept  constant  at  10  L/min.  The 
gas  is  delivered  at  the  beginning  of  each  inspiration 
to  maximize  the  amount  of  INO  reaching  the  alveoli.  Pa- 
tients who  require  supplemental  oxygen  use  a  split  nasal 
cannula  that  separately  delivers  INO  and  oxygen,  to  min- 
imize mixing. 

The  concentration  of  INO  that  reaches  the  alveoli  will 
depend  on  the  tidal  volume  (Vj)  and  inspiratory  flow  of 
each  breath.  However,  we  have  found  that  patients  who 
demonstrate  acute  pulmonary  vasoreactivity  to  10-20  ppm 
INO  via  face  mask  respond  similarly  with  the  pulsing 
system  described  above. 

By  limiting  INO  delivery  to  the  initial  inhalation  phase, 
this  system  maximizes  the  concentration  of  INO  delivered 
to  the  alveoli  while  using  the  minimum  amount  of  INO, 
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Fig.  2.  Pulsed  delivery  system  currently  used  at  University  of  Cal- 
ifornia San  Diego  Medical  Center  for  outpatient  administration  of 
inhaled  nitric  oxide. 


thus  maximizing  the  longevity  of  the  INO  source  tank. 
Since  most  of  the  INO  reaches  the  aiveoh,  where  it  is  then 
absorbed,  minimal  INO  is  exhaled  into  the  ambient  air. 

We  use  2  sizes  of  INO  source  tanks.  Large  tanks  (no.  88 
cylinders)  have  a  2,200  L  capacity  and  are  put  in  different 
rooms  of  the  patient's  home  in  order  to  allow  continuous 
use.  Patients  are  also  supplied  with  smaller  tanks  (D  size 
cylinders,  300  L  capacity)  that  allow  short  trips  outside  the 
home.  Depending  on  the  patient's  level  of  activity,  each 
large  tank  lasts  2-3  days  and  small  tanks  last  for  8-16 
hours.  A  source  tank  of  higher  NO  concentration  would 
last  longer  but  would  also  pose  a  greater  environmental 
hazard. 

Clinical  Applications 

In  pulmonary  hypertension,  data  regarding  the  efficacy 
of  both  short-term  and  long-term  INO  treatment  consist 
mainly  of  case  reports  and  small  case  series.  There  has  not 
yet  been  a  randomized  controlled  trial  of  INO  in  chronic 
pulmonary  hypertension. 

Acute  Vasodilator  Testing 

Determining  the  degree  of  acute  vasoreactivity  in  pa- 
tients with  pulmonary  hypertension  is  vital  to  deciding  on 


Table  2.      Potential  Applications  of  Long-Term  Inhaled  Nitric  Oxide 

Primary  pulmonary  hypertension 
Congenital  heart  disease 
Fibrotic  lung  disease 
Obstructive  lung  disease 


appropriate  therapy.  Because  of  the  ease  of  delivery  using 
systems  like  that  described  above  and  the  apparent  ab- 
sence of  adverse  effects,  INO  is  potentially  an  excellent 
vasoreactivity  testing  agent.  INO's  acute  pulmonary  vaso- 
dilator response  rate  and  magnitude  are  similar  to  other 
vasodilators,  including  prostacyclin-'  and  calcium  channel 
blocking  agents.  At  University  of  California  San  Diego 
Medical  Center,  an  INO  vasodilation  response  study  can 
be  completed  in  15  min  in  the  catheterization  laboratory  or 
intensive  care  unit. 

Long-Term  Uses  of  INO 

In  addition  to  smooth  muscle  cell  relaxation,  INO  has 
anti-inflammatory  effects,  inhibits  smooth  muscle  cell  pro- 
liferation, decreases  platelet  aggregation,  and  has  anti-bac- 
terial and  tumoricidal  properties.  Thus,  exposing  the  air- 
way epithelium,  alveoli,  and  pulmonary  arteries  to  long- 
term  INO  might  have  a  variety  of  beneficial  effects. 
Potential  long-term  applications  of  INO  are  summarized  in 
Table  2. 

Primary  Pulmonary  Hypertension 

Patients  with  PPH  typically  develop  a  severe  small- 
vessel  vasculopathy,  often  leading  to  pulmonary  arterial 
pressures  as  high  or  higher  than  systemic  pressure.  Pro- 
gressive right  ventricular  enlargement  and  failure  com- 
monly occur.  Median  survival  from  the  time  of  diagnosis 
is  approximately  3  years.  The  severity  of  right  ventricular 
dysfunction,  as  assessed  by  right  atrial  pressure,  is  the 
strongest  (negative)  predictor  of  survival.  Likewise,  an 
acute  vasodilator  response  (defined  as  reduction  in  PAP 
and  pulmonary  vascular  resistance  (PVR)  by  at  least  20%) 
infers  a  very  favorable  prognosis  with  vasodilator  treat- 
ment, typically  oral  calcium  channel  blockers.'  Unfortu- 
nately, only  20-25%  of  patients  fall  into  this  acute  vaso- 
reactive  category.  In  addition,  calcium  channel  blockers 
have  several  potentially  hazardous  side  effects,  including 
arrhythmia,  negative  inotropy,  peripheral  edema,  and  gas- 
trointestinal side  effects.  In  many  patients,  these  adverse 
effects  necessitate  discontinuation  of  the  agents. 

Another  agent,  prostacyclin,  was  recently  approved  by 
the  U.S.  Food  and  Drug  Administration  for  use  in  PPH. 
Prostacyclin  must  be  delivered  intravenously  because  of 
its  instability  and  pH  requirements.  Continuous  intrave- 
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Table  3.      Hemodynamics  at  Baseline  and  After  12  Weeks  of  Inhaled  Nitric  Oxide  in  5  Primary  Pulmonary  Hypertension  Patients 


Pt 

Mean  RA  (mm  Hg) 

Mean  PAP  (mm  Hg) 

CO. 

(L/niin) 

PVR 

(dyn 

s-cm  ') 

a-vOi  difference 
(niL/dL) 

BL 

I2wks 

BL 

12  wks 

BL 

12  wks 

BL 

12  wks 

BL 

12  wks 

1 

17 

11* 

51 

50 

3.2 

4.3* 

1062 

729* 

7.6 

6* 

2 

24 

11* 

47 

38* 

2.7 

3.3 

1113 

851* 

9.4 

7.6* 

3 

10 

15** 

74 

77 

3.1 

3.5 

1589 

1455 

ND 

ND 

4 

19 

12 

44 

37 

3.4 

2.7** 

710 

970** 

6.7 

7 

5 

20 

PAP 

26 

=  pulmonary 

58 

arterial  pressure 

49 
CO.  =  cardiac  output;  PVR 

2.7               1.6** 

-  pulmonary  vascular  resistance; 

1181              2064** 

a-vOi  -  arteriovenous  oxygen 

ND 

content  difference; 

ND 

RA  = 

=  right  atrial  pressure; 

BL  -  baseline;  *  at 

least  20%  improvement:  ** 

at  least  20%  worsetiing; 

ND  =  not 

determined. 

nous  prostacyclin  has  been  shown  to  improve  exercise 
tolerance  and  survival  in  PPH  patients.  Interestingly,  some 
patients  who  achieve  substantial  reductions  in  pulmonary 
arterial  pressures  on  long-term  prostacyclin  have  no  acute 
vasoresponsiveness  to  this  agent.  This  apparent  paradox 
has  raised  the  possibility  that  prostacyclin  may  be  working 
through  mechanisms  other  than  pulmonary  vasodilation, 
namely  platelet  inhibition  or  cell  growth  inhibition.  In  other 
words,  there  is  the  possibility  of  remodeling  or  healing  the 
diseased  pulmonary  vascular  bed. 

Like  oral  vasodilators,  intravenous  prostacyclin  has  po- 
tential adverse  side  effects,  including  systemic  vasodila- 
tion, which  may  actually  worsen  gas  exchange  in  some 
patients.  In  addition,  intravenous  prostacyclin  requires  mix- 
ing daily  and  maintaining  an  indwelling  catheter. 

Preliminary  reports  indicate  that  long-term  INO  treat- 
ment is  a  practical  therapy  for  PPH  patients,  both  in  and 
out  of  the  hospital.-'*"''  Snell  et  al  reported  a  PPH  patient 
who  received  INO  treatment  for  68  days  while  hospital- 
ized, awaiting  a  transplant.^**  Using  our  ambulatory  deliv- 
ery system,  we  have  reported  INO  treatment  for  up  to  1 
year.2^ 

At  University  of  California  San  Diego  Medical  Center, 
several  patients  have  now  received  INO  treatment  for  up 
to  3  years,  and  the  pulsed  INO  delivery  system  has  func- 
tioned well.  Baseline  and  12-week  hemodynamic  data  for 
5  patients  are  shown  in  Table  3.  In  2  of  those  5  patients, 
significant  hemodynamic  improvement  was  observed,  al- 
though the  effects  were  variable.  Of  interest,  1  patient  who 
was  continued  on  INO  demonstrated  gradual  improvement 
in  pulmonary  hypertension  and  right  ventricular  function 
during  the  first  year  of  INO  treatment.  In  fact,  pulmonary 
arterial  pressures  in  this  patient  normalized.  This  response 
suggests  that  INO,  similar  to  prostacyclin,  may  induce  a 
beneficial  remodeling  of  the  pulmonary  vasculature,  pos- 
sibly through  similar  biologic  effects  (inhibition  of  platelet 
aggregation  and  cell  growth).  There  have  been  no  adverse 
effects  reported  by  any  patient  in  this  study.  No  obvious 
pulmonary  toxicity  has  occurred  in  patients  treated  with 
long-term  low-dose  INO.  Generation  of  NOj  or  methemo- 


globin  does  not  appear  to  be  a  concern  in  this  group. 
Confirming  the  efficacy  of  long-term  INO  in  PPH  and 
elucidating  its  mechanisms  of  effect  will  require  a  large 
randomized  trial. 

INO  and  Idiopathic  Pulmonary  Fibrosis 

Idiopathic  pulmonary  fibrosis  is  a  disease  of  unknown 
etiology,  characterized  by  progressive  thickening  of  the 
alveolar  interstitium  and  secondary  pulmonary  vascular 
destruction.  As  the  disease  progresses,  patients  often  de- 
velop severe  hypoxemia  and  secondary  pulmonary  hyper- 
tension, largely  as  a  resu't  of  shunt  and  ventilation-perfu- 
sion  inequalities.^"""  Severe  Oj  desaturation  during 
exercise  is  common  and  generally  of  much  greater  severity 
than  that  seen  in  COPD. 

In  several  reports,  INO  has  been  shown  to  improve 
oxygenation  and  reduce  the  degree  of  pulmonary  hyper- 
tension in  patients  with  primary  and  secondary  forms  of 
pulmonary  fibrosis. ^^-34  j^e  effects  of  INO  are  likely  to  be 
a  combination  of  reducing  pulmonary  vascular  resistance 
(by  vasodilation)  and  reducing  shunt  fraction,  as  is  ob- 
served in  acute  lung  injury  (acute  respiratory  distress  syn- 
drome (ARDS]). 

Since  hypoxemia  and  pulmonary  hypertension  contrib- 
ute significantly  to  the  morbidity  and  mortality  of  patients 
with  IPF,  long-term  INO  may  be  useful  in  treating  this 
form  of  parenchymal  lung  disease.  But,  again,  confirma- 
tion of  this  hypothesis  awaits  large  clinical  trials. 

Chronic  Obstructive  Pulmonary  Disease 

Existing  reports  on  the  efficacy  of  INO  in  COPD  are 
conflicting.  Adnot  et  al  studied  13  patients  with  COPD  and 
pulmonary  hypertension,  and  found  that  40  ppm  INO  led 
to  a  small  reduction  in  pulmonary  artery  pressure  and  im- 
provement in  P;,o,-^''  Similarly,  Yoshida  et  al  found  that  a 
combination  of  INO  and  O2  increased  ?^q_^  more  than  did 
0,  alone. ^'^ 
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In  contrast,  Barbera  et  al  found  that  INO  induced  a 
small  decrease  in  P,,q^  by  worsening  V/Q  heterogeneity." 
And  another  study  of  14  patients  with  CORD  found  that 
INO  increased  ventilation  to  poorly-perfused  or  unper- 
fused  lung  regions,  although  no  change  in  P^q,  was  noted. 
Hopkins  and  co-workers  confirmed  in  an  animal  model  of 
variable  balloon  airway  occlusion  that  when  complete  oc- 
clusion was  induced  (shunt),  INO  did  reduce  shunt  frac- 
tion.^** On  the  other  hand,  when  partial  occlusion  was 
present,  causing  V/Q  heterogeneity  and  not  shunt,  the  re- 
sponse was  variable,  with  V/Q  heterogeneity  improving  in 
some  subjects  and  worsening  in  others. 

Another  study  found  that,  in  COPD  patients,  INO  de- 
creased P.,o,  while  they  were  at  rest,  but  prevented  a  de- 
crease in  P.^o,  during  exercise.'"'  This  suggests  that,  with 
exercise.  INO  is  preferentially  distributed  to  well-venti- 
lated lung  units. 

These  studies,  taken  together,  confirm  the  heterogeneity 
of  gas  exchange  abnormalities  in  COPD  patients.  Although 
abnormalities  in  NO  production  have  been  observed  in 
lungs  from  patients  with  severe  COPD,  the  contribution  of 
these  abnormalities  to  the  physiologic  derangement  is  un- 
clear. From  a  clinical  standpoint,  it  is  not  clear  whether 
long-term  INO  will  have  an  overall  beneficial  effect  in  this 
group.  Supplemental  long-term  oxygen,  on  the  other  hand, 
has  been  clearly  shown  to  improve  survival.  Although 
INO  may  have  a  greater  pulmonary  vasodilator  effect, 
patients  with  COPD  generally  do  not  have  severe  pulmo- 
nary hypertension,  in  contrast  to  patients  with  fibrotic  lung 
disease.  Although  the  beneficial  effect  on  exercise  P^q,  is 
intriguing,  translating  these  findings  to  clinical  efficacy 
will  require  large  randomized  studies  in  a  varied  COPD 
population. 


Congenital  Heart  Disease 

Elevated  PVR  is  a  common  finding  in  patients  with 
congenital  heart  diseases,  such  as  atrial  and  ventricular 
septal  defects  and  anomalous  pulmonary  venous  drainage. 
The  cause  of  the  elevated  PVR  can  be  complex,  and  in- 
volves, to  varying  degrees,  reversible  factors,  such  as  hy- 
poxic vasoconstriction  and  vascular  medial  hypertrophy, 
and  irreversible  vascular  changes,  such  as  intimal  prolif- 
eration and  plexogenic  vascular  lesions.  It  is  important  to 
note  that  the  microvascular  changes  seen  in  these  diseases 
are  not  different  from  those  observed  in  PPH  patients, 
suggesting  similar  pathogenetic  mechanisms. 

Surgical  correction  of  an  intracardiac  shunt  in  the  pres- 
ence of  fixed  and  elevated  PVR  may  precipitate  acute  right 
ventricular  failure,  low  cardiac  output  state,  and  even  death. 
Assessing  the  reversibility  of  elevated  PVR  is  therefore  an 
important  part  of  the  preoperative  evaluation  in  many  of 
these  patients. 


Because  of  its  pulmonary  vasoselectivity,  INO  is  a  use- 
ful tool  in  assessing  the  vasodilator  capacity  of  the  pul- 
monary vascular  bed.-"' "^  Patients  who,  despite  an  ele- 
vated PVR,  demonstrate  a  significant  pulmonary 
vasodilator  response  might  still  be  considered  candidates 
for  corrective  cardiac  surgery.''''  In  these  patients,  use  of 
INO  may  potentially  eliminate  the  need  for  lung  biopsy  for 
morphologic  determination  of  vascular  changes. 

Many  studies  have  demonstrated  the  role  of  INO  after 
corrective  surgery  for  a  variety  of  congenital  heart  diseas- 
g^  44-46  jjsjQ  appears  to  ameliorate  postoperative  pulmo- 
nary hypertensive  crises  and  correct  post-cardiopulmonary 
bypass  endothelial  dysfunction.-"  In  addition,  improvement 
in  right  ventricular  function  and  cardiac  output  in  these 
patients  has  also  been  demonstrated.'*'*  There  are  no  data, 
however,  regarding  the  efficacy  of  long-term  INO  in  am- 
bulatory patients  with  congenital  heart  disease. 

Whether  long-term  ambulatory  INO  will  be  clinically 
useful  in  patients  with  congenital  heart  disease  is  currently 
unknown.  However,  from  a  practical  standpoint,  applica- 
tion of  the  ambulatory  delivery  system  to  both  pediatric 
and  adult  patients  with  congenital  heart  disease  is  feasible. 

Summary 

Unlike  the  large  amount  of  data,  including  data  from 
randomized  trials,  that  have  examined  the  efficacy  and 
safety  of  INO  in  acute  respiratory  failure  and  PPHN,  data 
regarding  delivery  of  INO  in  chronic  cardiopulmonary  dis- 
ease are  relatively  scant.  Preliminary  published  and  un- 
published data  suggest  that  delivery  of  INO  for  up  to  3 
years  is  feasible  for  outpatients  with  pulmonary  hyperten- 
sion. In  individual  cases  there  appears  to  be  efficacy.  Fi- 
nally, no  obvious  adverse  effects  have  been  identified, 
despite  long-term  continuous  INO. 

Many  questions  remain.  Which  pulmonary  hypertensive 
disorders  will  benefit?  What  is  the  true  efficacy  of  long- 
term  INO?  Are  there  any  currently-unrecognized  long- 
term  toxicities  from  INO  therapy?  These  questions  await 
large-scale  randomized  trials.  However,  the  potential  for 
INO  "making  it"  to  the  home  appears  to  be  great. 
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Discussion 

Stewart:  Is  it  generally  well-ac- 
cepted that  if  a  patient  responds  to 
INO  they  are  candidates  for  long-term 
oral  agents? 

Cliannicic:  Yes.  There  are  good  data 
on  that.  Acute  response  to  NO  corre- 
lates with  both  the  acute  response  to 
prostacyclin  and  the  response  to  cal- 
cium channel  blockers.  Obviously.  NO 
is  advantageous  over  a  calcium  chan- 
nel blocker  trial  because  it's  safer. 

Stewart:  So  they  should  be  com- 
fortable with  me  just  giving  a  trial  of 
INO  rather  than  attempting  oral 
agents? 

Cliannick:  Yes.  In  fact  we  do  them 
in  the  cardiac  catheterization  lab  or  in 
the  unit,  and  with  that  system  we  lit- 
erally wheel  it  up  and  in  10  minutes 
we  have  the  answer. 

Stewart:  What  does  it  cost  the  pa- 
tient to  go  home  on  long-term  INO? 


Chianniclc 

nothing. 


Right  now  it  costs 


Stewart:  But  what  type  of  cost  are 
we  talking  about? 

Cliannick:  It's  obviously  being 
studied  on  a  research  protocol,  so  the 
cost  is  really  the  usual  cost  of  studies: 
the  lab  studies  we  get,  the  cost  of  the 
gas,  the  tanks.  Ohmeda,  now  INO 
Therapeutics,  has  been  extremely  gen- 
erous through  their  donation  program 
in  supplying  the  gas  for  these  patients, 
which  is  no  small  feat.  But  we're  talk- 
ing about  up  to  40  portable  tanks  ar- 
riving and  patients  taking  a  truckfull 
home  with  them.  But  keeping  it  sup- 
plied has  been  very  difficult.  In  all 
honesty,  the  limiting  factor  in  this 
study  in  terms  of  enrolling  or  doing  a 
larger  study  has  been  the  tank  situa- 
tion. I  can  tell  you  that  this  project 
gets  funded  in  the  same  way  that  many 
studies  get  funded:  a  little  here,  a  little 
there,  and  take  out  your  VISA  card  at 
times. 

Pearl:  Just  to  follow  up  on  that  com- 
ment about  NO  and  calcium  channel 
blocker  response,  my  understanding  of 
the  literature  is  that  failure  to  respond 
to  NO  will  conclusively  rule  out  re- 
sponse to  calcium  channel  blockers, 
but  around  20%  of  patients  who  are 


NO  responsive  are  not  calcium  chan- 
nel blocker  responsive,  so  you  may 
still  have  to  test  the  responders. 

Cliannick:  That's  a  very  valid  point. 
How  you  define  a  response  is  inter- 
esting to  me.  In  the  pulmonary  hyper- 
tension world  we've  always  used  the 
20%  rule:  you  need  to  drop  the  pul- 
monary artery  pressure  and  pulmonary 
vascular  resistance  by  20%  or  more. 
That  came  from  a  study  using  calcium 
channel  blockers  that  showed  that  you 
get  a  spontaneous  variability  of  up  to 
20%  if  you  leave  a  Swan  in  for  24 
hours.  Therefore,  you  need  to  see  a 
greater  than  20%  response  to  show 
that  the  patient  is  "responding."  But 
with  NO  that's  not  at  all  the  case,  be- 
cause the  effect  of  NO  is  so  fast  that 
we  can  all  see  that  they're  responding. 
You  turn  it  on,  the  pulmonary  artery 
pressure  goes  down;  you  turn  it  off,  it 
goes  up.  Maybe  less  than  20%,  but 
it's  still  a  response.  So,  really,  it  de- 
pends on  how  you  define  a  response. 
The  question  is  really  going  to  be  out- 
come. In  the  patients  who  respond  to 
NO  and  are  placed  on  calcium  chan- 
nel blockers,  do  they  have  favorable 
outcomes,  similar  to  what  the  acute 
calcium  blocker  data  showed?  Those 
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studies  clearly  haven't  been  done,  but 
our  general  approach  is  that  if  patients 
have  a  significant  acute  NO  response, 
they  clearly  deserve  a  long-term  trial 
of  calcium  channel  blockers  before 
we  say  they're  going  to  fail.  So  it's 
complicated. 

Stewart:  How  do  you  choose  the 
proper  dose  of  calcium  channel  block- 
ers based  on  response  to  NO?  We  were 
selecting  our  dose  of  calcium  channel 
blocker  based  on  how  much  they 
needed  to  respond  over  a  24-hour 
period. 

Channick:  We  do  it  one  of  two 
ways.  In  some  patients  who  are  quite 
ill,  we  will  keep  them  in  the  hospital 
and  load  them  up  with  calcium  chan- 
nel blockers  until  we  see  a  response. 
We're  really  doing  this  to  make  sure 
they  don't  decompensate  while  you're 
loading  them  up.  In  patients  who  are 
less  sick,  for  example  a  pulmonary  ar- 
tery pressure  of  40  or  50  in  a  Class  2 
patient,  you  could  start  calcium  chan- 
nel blockers  as  an  outpatient.  We're 
actually  using  amlodipine  now  as  our 
first-line  calcium  channel  blocker.  I'm 
pretty  convinced  that  it's  a  safer  drug 
for  having  fewer  negative  cardiac  ef- 
fects. So  we'll  usually  start  them  at  5 
mg  and  increase  the  dose  as  an  out- 
patient, then  follow  them  clinically  and 
by  echo. 

Head:  I  find  this  work  to  be  very 
interesting.  I  really  think  this  is  a  good 
move  and  a  different  direction  for  NO 
outside  the  ICU  setting.  I've  been  ap- 
proached by  a  pulmonologist  in  our 
transplant  section  to  also  try  to  set  up 
an  NO  nasal  delivery  system  much 
like  what  you've  done.  This  is  an  ex- 
cellent method  for  delivering  INO,  but 
it  concerns  me  about  patients  who  may 
have  rebound  at  home  under  certain 
circumstances,  if  they  take  their  nasal 
prongs  off  for  any  significant  time 
period.  I've  had  a  difficult  time  ac- 
cepting that  role  of  responsibility.  I 
was  wondering  how  you  handle  this 
matter  and  has  that  occurred  with  any 


of  your  patients  on  NO  prongs?  How 
have  you  handled  this  situation  in  your 
protocol? 

Channick:  That's  a  very  fair  ques- 
tion, one  that  I'm  asked  repeatedly. 
We've  looked  at  8  patients.  Only  one 
patient  had  a  clinically  important  re- 
bound. The  patient,  when  she  took  off 
her  NO,  would  start  to  feel  light- 
headed within  20  seconds,  and  then 
she'd  put  it  back  on.  She  didn't  suffer 
any  ill  events  at  home.  The  other  pa- 
tients have  not  reported  similar  epi- 
sodes. The  data,  therefore,  don't  sug- 
gest a  dramatic  rebound.  I  can' t  explain 
why  that  is.  Clearly,  when  you  look  at 
the  ARDS  group,  the  experience  is  dif- 
ferent. Whether  that  relates  to  the  fact 
that  we're  delivering  just  a  small  bo- 
lus, or  the  way  it's  being  delivered,  I 
don't  know.  Maybe  the  endogenous 
production  of  NO  is  different  in  pa- 
tients with  severe  chronic  lung  dis- 
ease and  pulmonary  hypertension  than 
in  an  acutely  inflamed  ARDS  patient; 
it's  a  different  disease  process. 

Thompson:  We're  starting  to  use 
your  system  in  pediatrics,  and  I'm  con- 
stantly asked  how  many  parts  per  mil- 
lion are  we  delivering.  And,  as  many 
times  as  I  talk  around  it,  can  you  give 
me  any  advice? 

Channick:  I  was  hoping  no  one 
would  ask.  But  there  is  obviously  an 
issue  of  dose.  My  first  answer  is  "Does 
it  matter?"  I  don't  mean  that  face- 
tiously, but  when  we're  talking  about 
chronic  long-term  use,  you're  talking 
about  NO  exposure  over  months  or 
years.  Does  the  actual  concentration 
matter,  or  is  it  the  cumulative  dose 
over  time  that  matters?  Clearly  in  pa- 
tients in  whom  you  see  an  acute  re- 
sponse, you  can  do  a  dose-response 
study.  Most  patients  don't  have  such  a 
response,  so  we  really  have  used  a 
somewhat  arbitrary  dose.  To  answer 
your  question  of  exactly  what  is  the 
NO  concentration  at  the  alveolar  level, 
you  could  look  at  it  a  couple  of  ways. 
You  have  a  short  bolus  of  gas  going  in 


at  a  set  flow  rate  of  10  L/min  out  of 
the  device.  If  the  patient  is  inspiring  at 
40  L/min,  that  bolus  is  going  to  be 
diluted  by  three-fourths,  from  1 00  ppm 
to  25  ppm.  Don't  forget  this  is  an  open 
system.  If  the  patient  is  breathing  fast, 
high  tidal  volumes,  high  flow  rate,  con- 
centration is  going  to  change.  Again,  I 
don't  think  concentration  is  the  most 
important  factor. 

Hess:  If  I  could  just  interject  one 
thing.  A  point  that  you  made  that  I 
really  liked  is  that  maybe  it's  not  the 
concentration  that's  important,  maybe 
we  should  be  thinking  about  how  many 
micro-moles  of  NO,  for  example,  that 
the  patient  is  breathing. 

Gerlach:  I  once  again  want  to  ask 
you  for  the  target  parameters,  P„o,  '^^^ 
pulmonary  artery  pressure,  if  these  are 
really  the  ideal  parameters  to  define 
responders  and  nonresponders.  You 
showed  that  the  second  patient  defi- 
nitely had  no  change  in  the  pulmo- 
nary artery  pressure,  but  as  I  remem- 
ber, he  had  a  change  in  the  cardiac 
output.  He  was  increasing,  and,  of 
course,  if  he  once  was  on  the  decreas- 
ing part  of  the  Frank-Starling  curve, 
and  he's  improving  now  with  the  car- 
diac output,  he  will  not  show  a  de- 
crease in  pulmonary  artery  pressure. 
The  second  part  is  the  Pao,  and  mix- 
ture of  oxygen.  We  all  know  that  when 
we're  dealing  with  ARDS  patients  that 
after  a  while  if  the  patient  improves, 
then  you  have,  let's  say,  300  mm  Hg 
with  100%  oxygen.  If  you  take  the 
NO  off,  sometimes  you  have  100, 
which  looks  like  a  very  big  effect,  but 
it's  the  same  effect  as  if  you  have  an 
increase  from  55  to  65,  if  you  take  the 
oxygen  content,  for  instance.  So  the 
question  is  whether  you're  blinding 
yourself  if  you  just  add  a  little  bit 
of  oxygen,  just  to  keep  the  level  up, 
and  then  of  course  see  a  very  big 
change  in  the  P^q,-  But,  in  terms  of 
the  content  of  oxygen,  it's  probably 
the  same.  I  don't  know.  If  you  re- 
calculate that  . . . 
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Channick:  Those  are  excellent 
points.  Obviously  you  can  look  at  the 
numbers  and  then  get  down  to  the  same 
question:  What  constitutes  a  favorable 
response?  Anyone  could  pick  a  num- 
ber and  say  that  constitutes  a  favor- 
able response.  The  question  again,  in 
these  chronic  patients,  is  what  hap- 
pens over  time?  I  think  we're  looking 
at  it  a  little  bit  differently.  Like  the 
patients  with  idiopathic  pulmonary  fi- 
brosis. Yes,  you  could  say  the  P^q,  '^ 
going  up,  but  why  not  just  give  them 
a  little  more  oxygen  and  not  give  them 
NO?  All  I  can  tell  you  is  that  I  think 
that  it's  doing  other  things  than  just 
raising  oxygen  in  a  patient  like  that: 
the  improvement  in  pulmonary  hyper- 
tension, although  it  may  not  be  huge, 
coupled  with  the  improvement  in  the 
Pj,o,,  coupled  with  the  improved  ex- 
ercise tolerance.  You're  looking  at  it 
as  a  whole.  I  don't  know  how  you 
define  a  favorable  response.  In  PPH 
patients,  I  think  it's  even  more  com- 
plicated, because,  again,  you're  look- 
ing at  what's  clinically  significant.  It 
depends  on  how  sick  they  are  to  begin 
with.  For  example,  if  you  start  at  a 
pulmonary  artery  systolic  pressure  of 
120  mm  Hg  and  you  drop  by  20%, 
you're  still  pretty  "sick"  if  you  look  at 
the  numbers.  But  if  you're  starting  at 
40  mm  Hg  and  drop  to  36  mm  Hg, 
even  though  this  is  less  than  20%,  the 
patient  might  still  have  a  favorable 
outcome. 

Pearl:  Studying  agents  with  disease- 
modifying  activity  is  very  difficult.  For 
primary  pulmonary  hypertension, 
prostacyclin  very  clearly  has  disease 


modifying  activity,  but  we  know  that 
we  need  to  use  doses  which  are  at  the 
limit  that  patients  tolerate  without  sig- 
nificant adverse  effects.  If  we  use 
doses  half  that  amount,  we  probably 
would  not  see  benefit.  Do  we  have 
any  way  of  knowing  how  much  NO 
we  should  give,  and  are  there  patients 
in  whom,  if  they  don't  respond,  we 
should  just  double  it  chronically? 

Channick:  No,  I  have  no  idea. 
That's  a  great  question.  But  it  can  only 
be  answered  with  large  numbers  of 
patients,  because  in  this  patient  pop- 
ulation, we're  looking  at  responses  that 
are  very  gradual.  There's  no  way  to 
look  at  an  acute  dose  response  curve. 

Pearl:  In  the  patients  who  have  ei- 
ther had  disease  progression  or  have 
started  to  lose  their  response  to  NO, 
have  you  tried  putting  them  on  higher 
doses  for  a  period  of  time? 

Channick:  We  have,  actually.  I'm 
not  convinced  that  has  made  a  differ- 
ence. But  if  I  were  to  design  a  study, 
say  a  Phase  2  study,  I  would  clearly 
have  a  low-dose  group  and  a  high- 
dose  group  to  try  to  figure  that  out. 

Hess:  Would  you  have  a  placebo 
group? 

Channick:  One  of  the  problems  is 
how  do  we  design  an  outpatient  study, 
at  least  for  primary  pulmonary  hyper- 
tension. For  something  like  idiopathic 
pulmonary  fibrosis,  it  would  be  very 
easy,  because  you  have  no  other  treat- 
ment, so  a  conventional  or  "placebo" 


group  would  be  very  acceptable.  For 
primary  pulmonary  hypertension,  you 
have  prostacyclin,  an  approved  drug, 
which  makes  it  more  complicated.  If 
you  didn't  have  prostacyclin,  I'd  feel 
very  comfortable  having  a  placebo 
group,  because  there's  just  no  data  to 
support  that  NO  is  going  to  have  great 
efficacy  in  primary  pulmonary  hyper- 
tension. This  is  a  dilemma  I  face  when 
I'm  putting  patients  into  this  protocol. 
We  have  one  approved  drug  that' s  been 
shown  to  improve  mortality  in  primary 
pulmonary  hypertension.  You  obvi- 
ously can't  encourage  a  patient  to  go 
into  an  experimental  protocol  with  NO 
and  deny  them  this  approved  therapy. 
So,  we've  really  been  limited  to  peo- 
ple who  for  some  reason  can't  get  or 
don't  want  prostacyclin.  So  you're  de- 
signing a  study,  you  have  to  have  some 
way  to  include  prostacyclin;  possibly 
have  a  rescue  arm  that  gets  prostacy- 
clin, or  study  a  less  sick  patient  pop- 
ulation so  you  can  safely  do  a  six- 
month  trial  without  losing  patients. 

Gerlach:  Are  there  any  reports  of 
adverse  effects  such  as  dizziness,  or 
headaches  such  as  have  been  reported 
from  awake  persons  when  they  acci- 
dentally inhaled  high  concentrations 
of  NO? 

Channick:  One  patient  complained 
of  some  nasal  irritation  (nosebleeds) 
which,  of  course,  can  occur  with  ox- 
ygen therapy.  But  the  other  patients 
had  no  complaints  referable  to  the 
nose,  headaches,  or  any  systemic  com- 
plaints that  we  felt  were  due  to  this 
therapy. 
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Pulmonary  Pathophysiology — The  Es- 
sentials, 5th  ed,  John  B  West  MD  PhD 
DSc.  Soft-cover,  illustrated,  198  pages.  Bal- 
timore: Williams  &  Wilkins;  1997.  $29.00. 

Dr  John  B  West  is  an  established  expert 
in  the  tleld  of  pulmonary  physiology.  This 
book  is  written  as  a  companion  book  to 
Respiratory  Physiology — The  Essentials, 
5th  edition  (Williams  &  Wilkins,  1995),  in 
which  he  provides  the  classic  description 
of  the  physiology  of  the  normal  lung.  In 
contrast.  Pulmonary  Pathophysiology — 
The  Essentials  describes  pulmonary  phys- 
iology and  pulmonary  function  in  the  dis- 
eased lung.  The  goal  of  this  book  is  to  help 
apply  the  understanding  of  pulmonary  phys- 
iology in  the  normal  lung  to  the  diseased 
lung,  and  thus  bridge  the  gap  between  pre- 
clinical basic  sciences  and  clinical  sciences 
in  medical  education.  The  book  is  broken 
down  into  3  parts  (10  chapters).  Since  the 
last  edition  of  this  book,  published  in  1992, 
some  significant  changes  have  occurred  in 
understanding  the  pathophysiology  of  cer- 
tain disease  processes  and  treatments;  these 
innovations  are  discussed  in  this  edition, 
including  brief  discussions  of  the  patho- 
genesis of  asthma,  emphysema,  and  pul- 
monary edema.  Modifications  have  also 
been  made  in  the  sections  describing  peak 
expiratory  flow  rates,  closing  volume,  air- 
way resistance,  bronchoactive  drugs  for  the 
treatment  of  asthma,  cystic  fibrosis,  me- 
chanical ventilation,  and  normal  values  of 
pulmonary  function  tests. 

The  intended  audience  is  primarily 
"medical  students  in  their  second  and  sub- 
sequent years,"  but  also  includes  "physi- 
cians (anesthesiologists  and  cardiologists) 
and  paramedical  personnel  (including  in- 
tensive care  personnel  and  respiratory  ther- 
apists)" who  encounter  patients  with  respi- 
ratory problems.  The  author  assumes  that 
those  reading  this  book  have  been  exposed 
to  the  basic  pathology  of  the  lung  and  have 
an  understanding  of  the  normal  physiology 
of  the  lung.  However,  basic  concepts  of 
physiology  and  pathology  are  reviewed  in 
the  discussion  of  the  disease  process  and 
references  are  given  where  further  expla- 
nations and  details  can  be  found  (often  in 
Dr  West's  Respiratory  Physiology — The 
Essentials,  5th  edition).  Sections  of  his 
book  that  are  particularly  well-written  and 


organized,  like  the  chapters  on  ventilation, 
gas  exchange  and  obstructive  diseases, 
could  stand  alone  and  be  helpful  for  those 
with  less  background  in  physiology  and  pa- 
thology. 

Part  One,  "Lung  Function  Tests  and 
What  They  Mean,"  is  made  up  of  3  chap- 
ters. Chapter  1,  "Ventilation,"  covers  basic 
spirometry  with  interpretation  of  forced  ex- 
piratory volume  in  one  second  (FEV,), 
forced  vital  capacity  (FVC),  and  the  FEV,/ 
FVC  ratio  in  relation  to  obstructive  and  re- 
strictive ventilatory  patterns.  Additional 
topics  covered  include  forced  expiratory 
flow  (FEE  25-75%),  flow-volume  curve, 
peak  expiratory  flow  rate  (PEER),  single 
breath  nitrogen  test,  and  closing  volume. 
The  author  wrote  a  particularly  clear  and 
concise  discussion  of  dynamic  compression 
of  airways  during  exhalation  and  closing 
volume,  subjects  that  often  create  signifi- 
cant confusion  for  students  of  pulmonary 
physiology.  These  concepts  are  then  re- 
ferred to  in  later  chapters  to  paint  a  clear 
picture  of  the  manifestations  of  air  flow 
obstruction  in  the  abnormal  lung.  Omitted 
in  this  first  chapter  is  a  discussion  of  or  a 
reference  to  normal  spirometry  values. 
Chapter  2,  "Gas  Exchange,"  describes  ar- 
terial blood  gas  interpretation  and  diffusing 
capacity.  The  topic  of  gas  exchange  is  quite 
complex  and  can  be  very  difficult  to  sim- 
plify. Dr  West  does  an  excellent  job  sim- 
plifying this  subject  by  limiting  his  discus- 
sion only  to  the  most  essential  elements. 
This  brevity,  however,  may  lead  some  read- 
ers to  have  many  questions  that  are  beyond 
the  scope  of  this  book,  but  adequate  refer- 
ences are  given.  Dr  West  clearly  delineates 
the  causes  of  hypoxia,  discussing  the  shunt 
equation  and  ventilation-perfusion  ratio 
(V/Q)  mismatch;  however,  the  description 
of  V/Q  mismatch  would  benefit  from  some 
simple  illustrations.  Interpretation  of  acid- 
base  status  is  very  limited,  but  does  give 
enough  detail  for  understanding  application 
of  concepts  in  later  chapters.  Chapter  3, 
"Other  Tests,"  covers  such  diverse  topics 
as  static  lung  volumes,  lung  compliance, 
airway  resistance,  assessment  of  ventilatory 
response  to  oxygen  and  carbon  dioxide,  and 
exercise  testing.  Dr  West  also  briefly  de- 
scribes what  is  known  about  dyspnea.  The 
chapter  does  not  flow  very  well  because  of 


the  divergent  topics  discussed,  but  each  in- 
dividual topic  is  clearly  defined  and  dis- 
cussed. 

Part  Two,  "Function  of  the  Diseased 
Lung,"  includes  4  chapters  and  describes  dif- 
ferent lung  diseases  and  how  they  relate  to 
pulmonary  physiology.  Chapter  4  gives  a 
clear  and  well-organized  description  of  ob- 
structive diseases  and  is  the  best  chapter  of 
the  book.  The  chapter  links  pathology,  clin- 
ical presentation,  and  pulmonary  physiology 
extremely  well,  covering  chronic  bronchitis, 
emphysema,  chronic  obstructive  pulmonary 
disease,  asthma,  and  localized  airway  ob- 
struction. Chapter  5  tackles  the  subject  of 
restrictive  diseases,  starting  with  a  nice  de- 
scription of  the  pathology  of  interstitial  fi- 
brosis. Dr  West  uses  diffuse  interstitial  pul- 
monary fibrosis  as  the  main  clinical  example. 
Other  diseases  causing  restrictive  defects  are 
also  briefiy  discussed,  along  with  pleural  dis- 
ease and  chest  wall  abnormalities.  Given  the 
breadth  of  this  subject  matter,  this  chapter 
was  nicely  condensed.  Chapter  6,  "Vascular 
Diseases,"  starts  out  by  describing  how  pul- 
monary edema  fluid  is  formed,  hydrostatic 
and  nonhydrostatic.  The  remainder  of  the 
chapter  addresses  pulmonary  embolism  and 
pulmonary  hypertension.  Interestingly,  in  the 
discussion  of  deep  venous  thrombosis  and 
pulmonary  embolism,  the  author  never  men- 
tions the  use  of  duplex  ultrasound,  one  of  the 
main  diagnostic  tests  employed  now  to  diag- 
nose deep  venous  thrombosis.  Chapter  7,  "En- 
vironmental and  Other  Disea,ses,"  ensures  that 
a  breadth  of  topics  is  discussed,  including  a 
nice  discussion  of  particle  deposition  in  the 
lung  and  cilial  function. 

Part  Three,  "Function  of  the  Failing  Lung," 
devotes  a  chapter  each  to  describing  respira- 
tory failure,  oxygen  therapy,  and  mechanical 
ventilation.  In  Chapter  8,  Dr  West  clearly 
organizes  the  different  types  of  respiratory 
failure,  then  in  more  detail  describes  the  more 
common  clinical  entities  and  summarizes  the 
chapter  with  management.  The  chapter  on 
oxygen  therapy  does  a  good  job  at  delineat- 
ing different  responses  to  oxygen  and  briefly 
describes  oxygen  delivery,  but  never  men- 
tions how  oxygen  content  is  affected  by  sat- 
uration and  arterial  oxygen  tension  (Pi,o,)- 
The  author  then  briefly  describes  several 
methods  of  oxygen  administration  and  the 
hazards  of  oxygen  therapy,  such  as  COj  re- 
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tention,  oxygen  toxicity  (with  no  mention 
of  the  current  controversy  concerning  its  im- 
portance), and  absorption  atelectasis.  The 
description  of  absorption  atelectasis  is  par- 
ticularly well  done.  The  chapter  on  mechan- 
ical ventilation  inadequately  defines  and  de- 
scribes different  modes  of  ventilation,  but 
has  a  good  discussion  of  the  effects  of  pos- 
itive end-expiratory  pressure  (PEEP)  and 
positive  intrathoracic  pressure  on  oxygen- 
ation, physiologic  dead  space,  and  hemody- 
namics. 

The  appendices  provide  useful  informa- 
tion, including  the  equation  for  conversion 
of  gas  volumes  using  body  temperature  and 
pressure,  saturated  (BTPS).  and  reference 
values  for  white  nonsmoking  males  and  fe- 
males. It  also  contains  a  list  of  references 
that  is  appropriately  abbreviated  and  con- 
tains good  resources  for  more  detailed  in- 
formation. The  book  also  contains  a  list  of 
questions  with  answers  pertaining  to  each 
of  the  book's  chapters.  The  index  appears 
useful  and  complete. 

Overall,  this  book  is  clearly  organized 
and  well-written.  Dr  West  did  an  excellent 
job  integrating  both  pathology  and  physiol- 
ogy of  different  disease  states  in  the  lung. 
The  figures  and  photomicrographs  are  very 
instructive  and  additive  to  the  text.  I  did 
find  a  few  errors  in  description  of  different 
diseases.  For  example,  in  Chapter  7,  psitta- 
cosis is  erroneously  described  as  a  rickett- 
sial disease:  Chlamydia  psittaci  is  an  obli- 
gate intracellular  bacteria  in  the  order 
Chlamydiales  and  the  family  Chlamydi- 
aceae.  Chapter  7  also  states  that  patients 
with  acquired  immunodeficiency  syndrome 
(AIDS)  often  get  lung  infections  with  cyto- 
megalovirus. This  statement,  while  mac,  is 
misleading,  for  though  cytomegalovirus  of- 
ten may  be  cultured  from  bronchoalveolar 
lavage  fluid,  cytomegalovirus  pneumonitis 
is  uncommon.  The  author  also  states  that  an 
abnormally  high  sweat  sodium  level  con- 
firms the  diagnosis  in  children  with  cystic 
fibrosis.  This  should  read  sweat  chloride.  In 
the  recent  consensus  statement  by  Rosen- 
stein  et  al  (Journal  of  Pediatrics,  April  1 998; 
132:4:589-595),  sweat  sodium  levels  can 
be  increa.sed  in  diseases  other  than  cystic 
fibrosis  and  should  not  be  used.  He  also 
groups  surgical  thromboembolic  disease  in 
the  discussion  of  primary  pulmonary  hyper- 
tension (the  two  being  very  distinct  clinical 
entities). 

The  strengths  of  this  book  are  that  it  links 
disease  states  to  pulmonary  physiology,  ie, 
the  effect  of  PEEP  on  V/Q  mismatch,  shunt. 


and  physiologic  dead  space  in  acute  respi- 
ratory distress  syndrome.  The  weaknesses 
of  the  book  stem  from  Dr  West's  attempt  to 
cover  too  many  clinically  distinct  entities, 
giving  very  little  discussion  to  each.  This  is 
particularly  problematic  at  the  end  of  Chap- 
ter 7  where  asbestosis,  other  pneumonoco- 
nioses,  malignant  diseases,  infectious  dis- 
ea.ses,  AIDS,  and  cystic  fibrosis  are  all 
discussed  in  6  pages. 

In  conclusion,  Dr  West  did  an  excellent 
job  explaining  the  function  of  the  diseased 
lung  and  did  indeed  bridge  the  gap  between 
basic  .science  and  clinical  science.  This  book 
would  be  an  excellent  review  book  for  phy- 
sicians and  an  excellent  companion  book 
for  medical  students  who  have  already  had 
or  are  currently  taking  pulmonary  physiol- 
ogy. The  book  is  also  appropriate  for  those 
paramedical  personnel  with  a  background 
in  pulmonary  physiology. 

Christopher  H  Goss  MD 
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UpToDate  in  Pulmonary  Disease  and 
Critical  Care  Medicine.  Version  6.3, 
Steven  E  Weinberger  MD,  Editor-in-Chief 
(Burton  D  Rose  MD,  Series  Editor).  Welle- 
sley,  MA:  UpToDate  Inc:  October  1998. 
Annual  subscription  with  updates  every  4 
months.  $495.00. 

System  Requirements:  Windows:  MS 
Windows  version  3.1  or  higher.  A  486/25 
or  Pentium  processor  is  preferred.  8  MB  of 
free  space  on  the  hard  drive  and  a  minimum 
of  16  MB  of  RAM.  Macintosh:  An  Apple 
Macintosh  computer  with  68040  or  Power 
PC  processor.  8  MB  of  free  space  on  the 
hard  drive.  System  7.0  or  higher  and  a  min- 
imum of  16  MB  of  RAM.  A  compatible 
CD-ROM  drive  is  required  of  all  systems. 

If  you  have  ever  tried  to  answer  a  clini- 
cally related  question  in  15  seconds  or  less, 
this  is  the  resource  for  you.  UpToDate  is  a 
comprehensive  educational  resource  for  pul- 
monary and  critical  care,  as  well  as  many 
other  medicine  subspecialties,  available  as  a 
CD-ROM  subscription.  UpToDate  com- 
bines textbook  knowledge,  current  literature, 
American  Thoracic  Society  guidelines, 
treatment  recommendations,  and  self-edu- 
cation tools  into  one  well-indexed  reference 
that  is  easily  installed  in  your  computer  and 


even  easier  to  use.  It  could  easily  replace 
the  stacks  of  journals,  rows  of  textbooks, 
and  time-consuming  modem  links  that  you 
currently  use  to  tlnd  answers  to  clinical  ques- 
tions. Every  4  months,  you  receive  an  up- 
dated CD-ROM  in  the  mail  and  toss  out 
your  old  one.  What  could  be  easier?  And  if 
you  are  worried  that  finding  your  CD  may 
take  longer  than  1 5  seconds,  the  whole  disk 
can  be  loaded  onto  your  hard  drive  (at  the 
expense  of  a  lot  of  memory.) 

Consider  UpToDate  as  a  textbook  that 
is  updated  3  times  per  year.  Pulmonary  and 
critical  care  "chapters"  are  indexed  sepa- 
rately and  called  "topic  cards."  A  nationally 
recognized  leader  in  the  field  authors  each 
topic  card.  Burton  D  Rose  of  Harvard  Med- 
ical School  is  the  Editor-in-Chief  of  the  en- 
tire UptoDate  series,  which  also  includes 
subspecialty  texts  in  cardiology,  endocrinol- 
ogy, nephrology,  gastroenterology,  and 
rheumatology,  and  ultimately  will  cover  all 
of  internal  medicine.  All  available  subspe- 
cialties as  well  as  the  first  13  chapters  of  Dr 
Rose's  textbook.  Clinical  Physiology  of  Ac- 
id-Base and  Electrolyte  Disorders  are  in- 
cluded on  each  CD-ROM.  As  a  pulmonary 
specialist,  I  enjoyed  being  able  to  quickly 
find  the  answer  to  questions  outside  my  field, 
which  could  not  be  found  in  the  books  and 
journals  I  keep. 

When  you  open  the  UpToDate  program, 
a  crisply  laid-out  window  appears  that  in- 
cludes the  list  of  subspecialty  areas,  a  box 
for  beginning  your  search,  and  a  "Did  you 
know?"  tip  box  (described  below).  If  you 
click  on  a  subsf)ecialty,  a  table  of  contents 
for  that  subject  appears.  A  topic  can  then  be 
selected  from  there.  Alternatively,  you  can 
type  in  a  key  word  in  the  search  box,  and  a 
list  of  possible  topics  appears.  Complex 
searches  can  be  done  using  topic  modifiers 
and  cross-references.  For  example,  if  you 
wanted  to  learn  about  the  use  of  anti-leu- 
kotriene  agents  in  asthma,  you  enter  the  term, 
"asthma,"  modify  it  by  clicking  on  "treat- 
ment," and  cross-reference  it  with  "leuko- 
trienes."  You  could  also  open  the  entire  Na- 
tional Asthma  Education  Project  guidelines 
and  search  within  the  document  for  anti- 
leukotriene  agents. 

The  search  mechanism  was  improved 
from  version  6.2  to  the  6.3  version,  allow- 
ing for  more  selective  searches.  The  search 
is  now  more  likely  on  the  first  try  to  hone  in 
on  the  topic  you  are  seeking.  There  is,  how- 
ever, a  consistent  minor  glitch  that  appears 
to  originate  from  the  search  mechanism's 
reliance  on  the  alphabet.  For  example,  when 
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you  search  for  ACE  inhibitors,  topic  hsts 
for  acetazolamide  will  also  be  found.  In  the 
end.  though,  it  is  probably  preferable  to  have 
a  search  engine  that  is  more  inclusive,  rather 
than  less. 

When  the  topic  card  is  opened,  a  text- 
book-like window  appears  with  accompa- 
nying figures,  tables,  color  photos,  and  video 
clips.  The  author  and  the  date  the  topic  card 
was  prepared  appears  at  the  top.  Embedded 
in  the  well-written  text  are  highlighted  links 
to  other  topic  cards,  so  that  moving  from 
topic  to  topic  is  as  easy  as  a  click  of  the 
mouse.  Each  topic  card  is  fully  referenced, 
and  with  a  click  of  the  mouse,  the  refer- 
ence's MEDLINE  abstract  appears  in  full. 
Similarly,  drug  names  are  highlighted  in  the 
text  as  well;  with  a  click,  a  full  drug  infor- 
mation data  sheet  appears.  An  outline  of 
each  topic  card  can  be  viewed  at  any  time, 
and  you  can  jump  directly  to  another  section 
of  the  topic  card  from  the  outline.  If  you  are 
averse  to  studying  from  a  computer  screen, 
topic  cards  can  be  printed  out  in  full,  com- 
plete with  references.  The  only  disadvan- 
tage of  printing  out  the  entries  is  that  figures 
and  tables  are  not  printed  automatically.  You 
can,  however,  go  back  to  the  text,  open  the 
figure  or  table,  and  print  it  separately. 

The  figures  and  tables  are  clear  and  in 
color.  The  graphs  and  tables  are  adapted 
and  redone  for  the  program,  not  just  scanned 
into  the  text.  Chest  radiographs  and  com- 
puted tomography  scans  are  reproduced  with 
wonderful  clarity  (on  a  high-resolution  com- 
puter monitor).  Histology  and  microbiology 
slides  are  not  as  uniformly  good,  but  supe- 
rior to  the  average  textbook.  Graphs  and 
tables  print  well.  Radiographs,  pathology, 
and  photographs  print  less  well  and  are  de- 
pendent on  the  quality  of  the  printer.  There 
are  also  short  video  and  audio  clips  that  can 
be  played.  The  most  useful  ones  were  in  the 
cardiology  section  and  included  echocardio- 
grams and  angiograms.  The  video  clips  in 
the  pulmonary  section,  eg,  a  movie  of  a 
laser  resection  of  an  endobronchial  carci- 
noid tumor,  were  fun  to  watch  but  educa- 
tionally superfluous. 

Although  targeted  for  physicians,  the  pro- 
gram has  a  variety  of  learning  tools  useful 
to  most  every  practitioner  in  the  field  of 
medicine,  including  respiratory  therapists 
and  medical  students.  The  "Did  you  know?" 
tip  box  appears  every  time  the  program  is 
opened.  It  states  a  fact  that  is  current  and 
written  to  pique  your  interest.  It  then  allows 
you  to  click  directly  to  the  topic  card  that 
describes  it  in  full.  For  example,  while  re- 


viewing the  software,  I  learned  about  a  trans- 
fusion-transferred virus  that  was  not  hepa- 
titis G  (I  then  clicked  to  learn  about  hepatitis 
G)  and  that  alendronate  was  almost  as  good 
as  estrogen  in  preventing  osteoporosis. 

The  search  tool  bar  allows  you  to  go  di- 
rectly to  learning  aids.  "Recent  Cards"  can 
be  clicked  to  show  the  topics  added  in  the 
last  4  months.  "Lists  of  Pictures"  allow  you 
to  go  directly  to  collections  of  radiographs, 
histology  slides,  and  photos,  which  can  be 
reviewed  as  a  group.  There  is  also  an  elec- 
trocardiograph (ECG)  self-teach  program 
with  groups  of  ECGs  divided  into  basic, 
intermediate,  and  advanced  levels.  An  ECG 
is  displayed,  you  take  your  time  interpreting 
it,  then  click  on  the  field  and  a  caption  ap- 
pears which  interprets  the  ECG  and  points 
to  salient  features. 

The  software  can  be  used  as  a  teaching 
tool  as  well.  Topic  cards  and  figures  can  be 
printed  or  put  into  other  software  packages, 
such  as  Microsoft  Word  or  PowerPoint,  to 
make  educational  handouts  or  slides.  Au- 
diograms of  heart  murmurs  can  be  reviewed 
by  individuals  or  by  groups.  The  publishers 
encourage  use  of  their  material  in  this  man- 
ner but  do  remind  you  of  copyright  infringe- 
ment if  the  entire  contents  were  to  be  dis- 
tributed. There  are  built-in  calculators  that 
will  find  alveolar-arterial  oxygen  (PjA-iOOj)- 
differences  or  shunt  fractions  by  just  plug- 
ging in  the  numbers.  Although  designed  for 
clinical  use,  it  would  be  more  useful  for 
setting  up  examples  for  students  and  show- 
ing what  happens  when  different  variables 
are  changed. 

Continuing  medical  education  credit  can 
be  earned  by  using  the  software.  The  Up- 
ToDate  program  keeps  a  log  of  the  topic 
cards  you  read,  the  searches  you  perform, 
and  the  hours  you  use  the  program.  The  log 
can  be  downloaded  and  sent  directly  to  the 
UpToDate  publisher  who  will  forward  the 
number  of  hours  to  the  American  Medical 
Association. 

Although  I  encountered  no  technical  dif- 
ficulties, the  promotional  brochure  describes 
the  technical  help  desk  as  friendly  and  ef- 
ficient, so  I  decided  to  call  anyway.  The 
telephone  was  picked  up  within  2  rings  by 
a  real  human,  not  a  voice  mail  menu.  I  men- 
tioned that  1  had  just  installed  the  CD-ROM 
and  the  voice  volunteered  that  about  5%  of 
the  PC  users  were  experiencing  a  glitch.  He 
first  apologized  for  not  being  the  usual  sup- 
port staff  since  it  was  a  national  holiday, 
then  immediately  faxed  me  clearly  written 
instructions  for  fixing  the  problem  that  I  did 


not  have.  Later  I  learned  that  it  was  Dr  Rose 
himself  who  had  been  so  friendly,  efficient, 
and  genuinely  helpful. 

Overall,  UpToDate  is  a  comprehensive 
reference  tool  for  most  areas  of  internal  med- 
icine designed  to  be  used  to  answer  ques- 
tions easily.  It  also  is  an  excellent  educa- 
tional tool.  There  is  evidence  that  the 
publisher  is  responsive  to  the  user's  needs 
(eg,  the  new  .search  methods).  The  expec- 
tation is  that  the  software  will  continue  to 
evolve,  especially  video  and  audio  clips.  By 
design,  the  product  is  a  dynamic  assemblage 
of  information  that  answers  a  need  in  a  field 
undergoing  an  information  explosion.  The 
cost,  $495.00  per  year's  subscription,  is 
daunting  but  justified  if  you  add  up  the  cost 
of  the  minimum  of  10  reference  books  and 
20  journal  subscriptions  that  this  could  re- 
place. Nonphysicians  may  have  more  diffi- 
culty justifying  the  expense.  The  most  dif- 
ficult part  of  answering  interesting  clinical 
questions  should  now  be  turning  on  your 
computer. 

Noreen  Roth  Henig  MO 
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Seattle,  Washington 


The  Survey  Kit,  Arlene  Fink,  Series  Edi- 
tor. Vol  1 ,  The  Survey  Handbook,  Arlene 
Fink  (144  pages);  Vol  2,  How  to  Ask  Sur- 
vey Questions,  Arlene  Fink  (120  pages); 
Vol  3,  How  to  Conduct  Self- Administered 
and  Mail  Surveys,  Linda  B  Bourque  and 
Eve  P  Fielder  (240  pages);  Vol  4,  How  to 
Conduct  Interviews  by  Telephone  and  in 
Person,  James  H  Frey  and  Sabine  Mertens 
Oishi  ( 1 84  pages);  Vol  5,  How  to  Design 
Surveys,  Arlene  Fink  (88  pages);  Vol  6, 
How  to  Sample  Surveys,  Arlene  Fink  (88 
pages);  Vol  7,  How  to  Measure  Survey 
Reliability  and  Validity,  Mark  S  Lit  win 
(88  pages);  Vol  8,  How  to  Analyze  Survey 
Data,  Arlene  Fink  (112  pages);  Vol  9,  How 
to  Report  on  Surveys,  Arlene  Fink  (112 
pages).  Soft-cover  books  in  a  cardboard  case. 
Thousand  Oaks,  CA:  Sage  Publications  Inc; 
1997.  $144.00. 

The  Survey  Kit  is  intended  as  a  resource 
for  anyone  without  a  statistical  background 
who  needs  to  design  or  administer  a  survey. 
It  is  suitable  both  for  students  and  for  pro- 
fessional researchers.  The  expense  of  run- 
ning a  survey  has  a  strong  impact  on  which 
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survey  designs  are  viable  for  any  given 
project;  in  order  to  make  informed  deci- 
sions about  what  type  of  survey  to  use,  a 
researcher  must  have  some  understanding 
of  both  the  practical  and  theoretical  aspects 
of  survey  design.  This  corresponds  to  the  2 
main  goals  of  the  kit;  to  provide  practical 
information  about  setting  up  and  running  a 
survey,  and  to  give  an  easy-to-read  discus- 
sion of  survey  design  and  analysis.  Though 
many  of  the  examples  used  are  from  the 
health  sciences,  the  kit  is  not  specifically 
tailored  to  any  particular  field.  It  consists  of 
9  short  volumes,  beginning  with  the  intro- 
ductory Volume  1.  Volumes  2.  3,  4,  and 
9  cover  the  practical  side  of  survey  admin- 
istration, while  Volumes  5, 6, 7,  and  8  discuss 
how  to  design  and  analyze  a  valid  survey. 

The  Survey  Handbook  provides  an 
overview  of  the  main  aspects  of  survey  de- 
sign. After  a  general  introduction  to  sur- 
veys, it  gives  a  concise  description  of  sam- 
pling methods,  survey  types,  and  the  issues 
of  reliability  and  validity.  This  is  followed 
by  a  discussion  of  the  nuts  and  bolts  of 
organizing  and  running  a  survey.  The  ma- 
terial in  this  volume  is  a  well-organized  in- 
troduction to  surveys  for  the  reader  who  is 
not  mathematically  oriented.  This  volume 
serves  as  a  summary  for  the  rest  of  the  kit: 
it  avoids  mathematics  and  leaves  deeper  dis- 
cussion for  the  other  volumes. 

How  to  Ask  Survey  Questions  provides 
guidance  on  how  to  design  questions  so  that 
they  draw  out  the  desired  information.  If  a 
question  is  frequently  misinterpreted  or  per- 
ceived to  be  threatening,  then  it  may  not 
provide  useful  data  to  the  researcher.  The 
art  of  asking  clear,  concrete  questions  is  an- 
alyzed, along  with  a  discussion  of  question 
types  (categorical,  ordinal,  and  numerical) 
and  when  each  is  appropriate.  How  to  Con- 
duct Self-Administered  and  Mail  Surveys 
and  How  to  Conduct  Interviews  by  Tele- 
phone and  in  Person  are  practical  how-to 
guides  for  running  a  survey,  complete  with 
checklists,  sample  letters,  and  scripts,  and 
even  a  guide  for  training  interviewers.  Meth- 
ods for  effectively  communicating  survey 
results  both  orally  and  in  writing  are  dis- 
cussed in  How  to  Report  on  Surveys.  A 
researcher  who  is  a  novice  in  the  field  of 
survey  methods  will  tlnd  these  volumes  a 
useful  source  of  practical  advice  and  guide- 
lines for  conducting  a  survey. 


How  to  Design  Surveys  and  How  to 
Sample  in  Surveys  describe  common  sur- 
vey designs  and  sampling  methods.  Poten- 
tial problems  with  statistical  validity  are  pre- 
sented, and  a  bit  of  mathematics  is 
introduced.  The  information  in  these  vol- 
umes enables  a  researcher  to  understand  a 
statistician's  main  concerns  when  examin- 
ing a  survey  design. 

A  concise  introduction  to  statistical  top- 
ics relevant  to  surveys  is  given  in  How  to 
Measure  Survey  Reliability  and  Validity 
and  How  to  Analyze  Survey  Data.  Al- 
though a  complete  discussion  of  this  field  is 
beyond  the  scope  of  this  kit,  these  volumes 
provide  both  a  discussion  of  some  methods 
that  are  commonly  used  to  analyze  survey 
data  and  a  basic  introduction  to  statistics. 
Since  the  authors  strive  for  readability,  the 
mathematics  and  statistics  are  kept  at  an 
introductory  level.  While  one  can  find  a  sim- 
ilar introduction  to  statistics  in  many  other 
texts,  this  kit  stays  in  the  context  of  survey 
design,  which  might  make  the  topics  clearer 
to  less  mathematically  inclined  readers. 

The  Survey  Kit  provides  a  useful  how-to 
resource  for  the  practical  details  of  admin- 
istering a  survey  and  presents  the  basic  con- 
cepts of  survey  design  and  analysis  in  a 
very  accessible  manner.  Throughout  the  kit, 
many  examples  are  provided  to  make  the 
ideas  concrete  and  clear. 

This  kit  gives  the  researcher  without  a 
statistical  background  the  ability  to  commu- 
nicate clearly  with  statisticians  and  the  tools 
to  think  critically  about  survey  data. 

Derek  Stanford  PhD 

Department  of  Statistics 

University  of  Washington 

Seattle,  Washington 

Self-Management  of  Asthma.  No.  113, 
Lung  Biology  in  Health  and  Disease.  Harry 
Kotses  PhD  and  Andrew  Harver  PhD,  Ed- 
itors. Hardcover,  illustrated,  44.')  pages.  New 
York:  Marcel  Dekker  Inc:  1998.  $17.5.00. 

Self-Management  of  Asthma  is  a  com- 
pilation dedicated  to  the  behavioral  side  of 
asthma.  Recent  reports  indicate  that  health 
care  professionals  are  not  doing  an  adequate 
job  teaching  patients  to  manage  their  own 
asthma.  The  numbers  are  dismal:  few  pa- 
tients take  their  medication  properly,  know 


what  their  medication  is  for,  or  know  how 
to  treat  exacerbations  of  their  asthma.  This 
book  suggests  strategies  for  overcoming  the 
current  state  of  affairs. 

The  editors  have  gone  to  great  lengths  to 
provide  a  well-balanced  view  of  the  topic. 
They  have  covered  both  the  medical  and 
psychological  management  of  patients  with 
asthma  and  their  families.  They  present  a 
clear  picture  of  the  reasons  patients  are  not 
compliant  with  their  asthma  therapy.  The 
medical  field  as  a  whole  can  learn  a  great 
deal  from  this  book.  We  are  given  a  chal- 
lenge to  improve  the  current  statistics  and 
help  our  patients  learn  to  manage  their  own 
disease.  We  all  know  intellectually  that  we 
can  not  take  care  of  our  patients  once  we 
send  them  home.  It  is  up  to  the  patients  and 
their  families  to  do  this.  However,  we  are 
responsible  for  providing  the  tools  and  the 
information  for  them  to  do  so  successfully. 
This  book  explains  the  scope  of  the  prob- 
lem and  offers  suggestions  for  solutions  that 
will  improve  asthma  caie  in  this  country. 

This  volume  is  intended  for  general  prac- 
titioners, asthma  specialists,  and  patients. 
The  goal  is  to  encourage  physicians  to  in- 
stitute self-management  programs  to  help 
treat  the  increasing  asthma  population.  The 
benefit,  in  the  authors'  view,  will  be  mostly 
to  the  patient.  However,  teaching  health  care 
professionals  how  to  motivate  patients  to 
accept  responsibility  for  their  own  health 
will  only  strengthen  our  medical  system  as 
a  whole. 

Each  chapter  in  the  book  has  a  bibliog- 
raphy to  help  with  further  individual  re- 
search. The  index  at  the  back  and  the  table 
of  contents  make  it  easy  to  find  specific 
topics.  The  references  are  exhaustive  and 
cover  early  articles  to  the  most  recent.  I  was 
pleased  that  there  were  few  typographical 
errors:  the  editors  did  an  excellent  job. 

I  would  recommend  this  book  to  anyone 
who  is  interested  in  learning  why  patients 
do  not  comply  with  the  directions  we  give 
them.  But  most  importantly,  this  book  out- 
lines strategies  for  health  professionals  to 
help  patients  manage  their  own  asthma. 

Kathy  Boyle  MS  RRT 

Respiratory  Care  Services 

Arkan.sas  Children's  Hospital 

Little  Rock,  Arkansas 
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New  Products 
&  Services 


Pen  Sound  Simulator.  Astro-Med  Inc's 
Grass  Instrument  Division  announces  the 
release  of  a  newly  designed  "pen  sound 
simulator"  for  EEG  and  PSG  systems.  A 
company  press  release  says  the  unit, 
Model  PSS-162,  is  designed  to  produce 
the  audible  sounds  of  a  traditional  direct- 
writing  oscillographic  recorder  while  the 
silent  Grass  Heritage  digital  EEG  and  PSG 
systems  display  and  capture  data.  Accord- 
ing to  the  company,  six  channels  of  con- 
ditioned analog  signals  from  the  EEG  or 
PSG  can  be  interfaced  to  the  simulator 
which  generates  a  composite  audio  sig- 
nal to  drive  its  powered  speaker  system. 
Grass  Instrument  Division  says  the  pen 
sound  simulator  is  particularly  useful  dur- 
ing multiple  patient  or  semi-unattended 
recording.  For  more  information  from 
Astro-Med  Inc's  Grass  Instrument  Divi- 
sion, circle  number  183  on  the  reader  ser- 
vice card  in  this  issue,  or  send  your  request 
electronically  via  "Advertisers  Online"  at 
http://www.aarc.org/buyers_guide/. 


1 

Capnograph.  BCI  International  intro- 
duces the  Capnocheck®  DualStream'" 
Capnograph.  A  BCI  press  release  says  the 


device  combines  mainstream  and  side- 
stream  sampling  technology  into  a  single, 
stand-alone  system  and  that  it  was 
designed  with  ease  of  use  in  mind,  reach- 
ing full  operating  specification  in  45  sec- 
onds; self-calibrating  30  times  per  second; 
and  withstanding  excessive  patient  secre- 
tions while  providing  accurate  CO2  val- 
ues. BCI  says  the  monitor  and  alarm  set- 
ups are  easy  to  understand  and  that  the 
display  has  noted  high  visibility.  For  more 
information  BCI  International,  circle  num- 
ber 1 84  on  the  reader  service  card  in  this 
issue,  or  send  your  request  electronically 
via  "Advertisers  Online"  at  http://www. 
aarc.org/buyers_guide/. 


Nebulizer  Delivery  System.  Piper  Med- 
ical introduces  a  new  nebulizer  delivery 
system,  the  AeroTee.  According  to  a  com- 
pany press  release,  the  device  delivers 
50%  more  medication  than  a  conventional 
nebulizer  tee  configuration.  Piper  Med- 
ical says  the  AeroTee  functions  by  stor- 
ing aerosol  produced  by  the  nebulizer  dur- 
ing exhalation  for  delivery  to  the  patient 
on  the  subsequent  inhalation.  Company 
literature  also  says  the  device  uses  a  lam- 
inar purging  technique  that  maximizes  the 
delivery  of  aerosol  to  the  patient  while 
keeping  the  volume  of  rebreathed  gas 
down  to  the  level  of  a  conventional  neb- 
ulizer tee.  For  more  information  from 
Piper  Medical,  circle  number  185  on  the 


reader  service  card  in  this  issue,  or  send 
your  request  electronically  via  "Adver- 
tisers Online"  at  http://www.aarc.org/buy- 
ers_guide/. 


Improved  Monitoring  System.  Space- 
labs  Burdick  Inc  has  added  new  features 
to  its  Vision  Premier'"  Holter  Monitoring 
System.  According  to  the  company,  the 
Vision  Premier™  presents  comprehensive 
clinical  data  with  sharp  clarity  and  accu- 
racy and  provides  unlimited  access  to  data 
with  its  four  data  communications  pos- 
sibilities: a  built-in  fax/modem,  "PDF'  file 
transfer  option,  network  compatibility,  and 
remote  satellite  operations.  Spacelabs  Bur- 
dick literature  says  new  features  include: 
analysis  and  review  capability  of  up  to  48- 
hour  recordings  from  analog  or  digital 
recorders  with  programmable  report  for- 
mats, network  support  of  the  latest  ver- 
sions of  NT,  Ethernet,  and  Novell, 
expanded  programmability  of  Heart  Rate 
Variability  Analysis  for  Frequency 
Domain  calculations,  and  a  built  in  CD 
drive  for  backing  up  old  Holter  studies  for 
off-line  storage.  For  more  information 
from  Spacelabs  Burdick  Inc,  circle  num- 
ber 186  on  the  reader  service  card  in  this 
issue,  or  send  your  request  electronically 
via  "Advertisers  Online"  at  http://www. 
aarc.org/buyers_guide/. 
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A.  Patient  information 


1    Patient  identifier 


In  confidence 


2   Age  at  time 
of  event: 

or 


Date 
of  birth: 


3  Sex 

I     I  female 
I     I  male 


Page 


4   Weight 


B.  Adverse  event  or  product  problem 


1    I     I  Adverse  event      and/or  |     |  Product  problem  (e.g..  defecls/malfunclions) 


?   Outcomes  attributed  to  adverse  event  . — , 

(check  all  that  apply)  I I  disability 

rn  (jeath  C  congenital  anomaly 

□  (mo/day/yci  Q  required  intervention  to  prevent 

life-threatening  permanent  impairment/damage 

I     I  hospitalization  -  initial  or  prolonged  [_\  other: 


3  Date  of 
event 

Imp  day  yr) 


4  Date  of 
this  report 

(mo/day/yr) 


5    Describe  event  or  problem 


i    Relevant  tests/laboratory  data,  including  dates 


Other  relevant  history,  including  preexisting  medical  conditions  (eg,  allergies, 
race,  pregnancy,  smoking  and  alcohol  use,  hepatic/renal  dysfunction,  etc.) 


r 

)A  Form  3500  1/96) 


Mail  to:    MEdWaTCH  or  FAX  to: 

5600  Fishers  Lane  1-800-FDA-0178 

Rockville,  MD  20852-9787 


of 


Triage  unit 
sequence  n 


C.  Suspect  medication(s) 


1 .  Name  (give  labeled  strength  &  mfr/labeler,  if  known) 
#1 


#2 


2.  Dose,  frequency  &  route  used 


#2 


3.  Therapy  dates  (if  unknown,  give  duration) 

irom/lo  (Of  best  eslimate] 
#1 


#2 


4.  Diagnosis  for  use  (Indication) 

#1 


6.  Lot  #  (if  known) 

#1 


#2 


7.  Exp.  date  (If  known) 
#1 

#2 


9.  NDC  #  (for  product  problems  only) 


5    Event  abated  after  use 
stopped  or  dose  reduced 


#2  Dyes  n no    Dfe"'* 


8    Event  reappeared  after 
reintroduction 

#1  Dyes  D  no    D^g^py"'' 


#2  Dyes  n no    Dgg^Py"'' 


10.  Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


D.  Suspect  medical  device 


1    Brand  name 


2.  Type  of  device 


3.  Manufacturer  name  &  address 


6. 
model  #  _ 

catalog  # 

serial  # 

lot# 


other  # 


4   Operator  of  device 

I    I  health  professional 
I    I  lay  user/patient 
□  other: 


5.   Expiration  date 

(mo/day/yr) 


7.   If  implanted,  give  date 

(mo/day/yr) 


8.    If  explanted,  give  date 

(mo/day/yr) 


9.  Device  available  for  evaluation?                (Do  not  send  to  FDA) 
I     I    yes  lJ  no  \_\  returned  to  manufacturer  on 


(mo/day/yr) 


10.  Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


E.    Reporter  (see  confidentiality  section  on  back) 


Name  &  address 


phone  # 


2    Health  professional? 

n  yes      D   no 


3     Occupation 


5      If  you  do  NOT  want  your  identity  disclosed  to 
the  manufacturer,  place  an  "  X  "  in  this  box.      Q 


4    Also  reported  to 

I     I      manufacturer 
I    I      user  facility 
I     I      distributor 


Submission  of  a  report  does  not  constitute  an  admission  that  medical  personnel  or  the  product  caused  or  contributed  to  the  event. 


ADVICE  ABOUT  VOLUNTARY  REPORTING 


Report  experiences  with: 

•  medications  (drugs  or  biologies) 

•  medical  devices  (including  in-vitro  diagnostics) 

•  special  nutritional  products  (dietary 
supplements,  medical  foods,  infant  formulas) 

•  other  products  regulated  by  FDA 

Report  SERIOUS  adverse  events.  An  event 
is  serious  when  the  patient  outcome  is: 

•  death 

•  life-threatening  (real  risk  of  dying) 

•  hospitalization  (initial  or  prolonged) 

•  disability  (significant,  persistent  or  permanent) 

•  congenital  anomaly 

•  required  intervention  to  prevent  permanent 
impairment  or  damage 

Report  even  if: 

•  you're  not  certain  the  product  caused  the 
event 

•  you  don't  have  all  the  details 

Report  product  problems  -  quality,  performance 
or  safety  concerns  such  as: 

•  suspected  contamination 

•  questionable  stability 

•  defective  components 

•  poor  packaging  or  labeling 

•  therapeutic  failures 


How  to  report: 

•  just  fill  in  the  sections  that  apply  to  your  report 

•  use  section  C  for  all  products  except 
medical  devices 

•  attach  additional  blank  pages  if  needed 

•  use  a  separate  form  for  each  patient 

•  report  either  to  FDA  or  the  manufacturer 
(or  both) 


Important  numbers: 

•  1-800-FDA-0178 

•  1-800-FDA-7737 

•  1-800-FDA-1088 


1-800-822-7967 


to  FAX  report 

to  report  by  modem 

to  report  by  phone  or  for 

more  information 

for  a  VAERS  form 

for  vaccines 


If  your  report  involves  a  serious  adverse  event 
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right-hand  column,  then  complete  the  applicable  section.  All  information 
requested  below  must  be  provided,  except  where  indicated  as  optional. 
See  other  side  for  more  information  and  fee  schedule.  Please  sign  and  date 
application  on  reverse  side  and  type  or  print  clearly.  Processing  of  applica- 
tion takes  approximately  15  days. 

D  Active 
Associate 

D  Foreign 

D  Physician 

D  Industrial 
n  Special 
D  Student 


Lost  Name  _ 
First  Name 


Social  Security  No. 

Home  Address 

City 


State 


.Zip 


Phone  No. 


Primary  Job  Responsibility  fcheclr  one  onlyt 

lJ  Technical  Director 

□  Assistant  Technical  Director 

n  Pulmonary  Function  Specialist 

n  Instructor/Educator 

D  Supervisor 

D  Staff  Therapist 

n  Staff  Technician 

n  Rehabilitation/Home  Core 

n  Medical  Director 

n  Sales 

D  Student 

n  Other,  specify 


Type  of  Business 

n  Hospital 

n  skilled  Nursing  Facility 

a  DME/HME 

D  Home  Health  Agency 

n  Educational  Institution 

n  Manufacturer  or  supplier 

n  Other,  specify 


Date  of  Birth  (optional)  _ 
U.S.  Citizen? Yes 


Sex  (optional] 


No 


Hove  you  ever  been  a  member  of  the  AARC? 

If  so,  when?  From to 


For  office  use  only 


FOR  ACTIVE  MEMBER 

An  individual  is  eligible  if  he/she  lives  in  the  U.S.  or  its  territories  or  was  an  Active  Member 
prior  to  moving  outside  its  borders  or  territories,  and  meets  ONE  of  the  following  criteria:  (1 )  is 
legally  credentioled  as  a  respiratory  care  professional  if  employed  in  a  state  that  manactes 
such,  OR  (21  is  a  graduate  of  an  accredited  educational  program  in  respiratory  core,  OR  (31 
holds  a  creaentiol  issued  by  the  NBRC.  An  individual  who  is  an  AARC  Active  Member  in  gooa 
stonding  on  December  8,  1 994,  will  continue  as  such  provided  his/her  membership  remoms  in 
good  standing. 

PLEASE  USE  THE  ADDRESS  OF  THE  LOCATION  WHERE  YOU  PERFORM  YOUR  JOB,  NOT 
THE  CORPORATE  HEADQUARTERS  IF  IT  IS  LOCATED  ELSEWHERE, 

Place  of  Employment 

Address 


City_ 
State 


-Zip 


Phone  No. 


Medical  Director/Medical  Sponsor . 


FOR  ASSOCIATE  OR  SPECIAL  MEMBER 

Individuals  who  hold  a  position  related  to  respiratory  core  but  do  not  meet  the  requirements  of 
Active  Member  shall  be  Associate  Members.  They  hove  all  the  rights  and  benefits  of  the  Asso- 
ciation except  to  hold  office,  vote,  or  serve  as  chair  of  a  standing  committee.  The  following  sub- 
classes of  Associate  Membership  are  available:  Foreign,  Physician,  and  Industrial  (individuals 
whose  primary  occupation  is  directly  or  indirectly  devoted  to  the  manufacture,  sale,  or  distribu- 
tion of  respiratory  care  eauipment  or  supplies).  Special  Members  ore  those  not  working  in  a 
respiratory  core-related  field. 

PLEASE  USE  THE  ADDRESS  OF  THE  LOCATION  WHERE  YOU  PERFORM  YOUR  JOB,  NOT 
THE  CORPORATE  HEADQUARTERS  IF  IT  IS  LOCATED  ELSEWHERE. 

Place  of  Employment 

Address 

City 

State 


.Zip 


Phone  No. 


FOR  STUDENT  MEMBER 

Individuals  will  be  classified  as  Student  Members  if  they  meet  all  the  requirements  for  Associate 
Membership  and  are  enrolled  in  an  educational  program  in  respiratory  care  accredited  by,  or 
in  the  process  of  seeking  accreditation  from,  an  AARC-recognized  agency. 

SPECIAL  NOTICE  —  Student  Members  do  not  receive  Continuing  Respiratory  Care  Education 
(CRCE)  transcripts.  Upon  completion  of  your  respiratory  core  education,  continuing  education 
credits  may  be  pursued  upon  your  reclassification  to  Active  or  Associate  Member. 

Scfiool/RC  Program 

Address 

City 

State 


-Zip 


Phone  No. 


Length  of  program 

n    1  year 
n   2  years 

Expected  Date  of  Graduation  (REQUIRED 
INFORMATION) 


D  4  years 

n  Other,  specify . 


Month 


Year 


Preferred  mailing  address:    n  Home    D  Business 
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EMBERSHIP  APPLICATION 


DemographU  Questions 

We  request  that  you  answer  these  questions  in  order  to  help  us 
design  services  and  programs  to  meet  your  needs. 


Check  the  Highest  DogrBS  Earned 

□  High  School 

D  RC  Graduate  Technician 

D  Associate  Degree 

n  Bachelor's  Degree 

n  Master's  Degree 

n  Doctorate  Degree 


Number  at  Years  in  Respiratory  Care 

□  0-2  years  D    1  1-15  Years 

D  3-5  years  n    16  years  or  more 

D  6-10  years 


Job  Status 

a 

Full  Time 

a 

Part  Time 

Credentials 

□ 

RRT 

D 

CRT 

D 

Physician 

D 

CRNA 

D 

RN 

Salary 

n 

Less  than  $  1 0,000 

o 

$10,001 -$20,000 

D 

$20,001 -$30,000 

n 

$30,001  $40,000 

n 

$40,000  or  more 

D  LVN/LPN 

D  CPFT 

n  RPFT 

D  Perinatal/Pediotric 


PLEASE  SIGN 

I  hereby  apply  for  membership  in  the  American  Association  for  Respiratory  Care 
ond  have  enclosed  my  dues.  If  approved  for  membership  in  the  AARC,  I  v/ill  abide 
by  its  bylaws  and  professionol  code  of  ethics.  I  authorize  investigation  of  all  state- 
ments contained  herein  and  understand  that  misrepresentations  or  omissions  of 
facts  called  for  is  cause  for  rejection  or  expulsion. 

A  yearly  subscription  to  RESPIRATORY  CARE  journal  and  AARC  Times  magazine 
includes  an  allocafion  of  $  1 1 .50  from  my  dues  for  each  of  these  publications. 

NOTE:  Contributions  or  gifts  to  the  AARC  are  not  tax  deductible  as  charitable  con- 
tributions for  income  tax  purposes.  However,  they  may  be  tax  deductible  as  ordi- 
nary and  necessary  business  expenses  subject  to  restrictions  imposed  as  a  result  of 
association  lobbying  activities.  The  AARC  estimates  that  the  nondeductible  portion 
of  your  dues  —  the  portion  which  is  allocable  to  lobbying  —  is  26%. 


5lgna§ur0 
Dafm 


MBmbership  Fees 

Payment  must  accompany  your  application  to  the  AARC.  Fees  are  for  1  2 
months.  (NOTE:  Renewal  fees  are  $75.00  Active,  Associate-Industrial  or  Associ- 
ate-Physician, or  Special  status;  $90.00  for  Associate-Foreign  status;  and 
$45.00  for  Student  status). 


n  Active 

$  87.50 

D  Associate  (Industrial  or  Physician) 

$  87.50 

n  Associate  (Foreign) 

$102.50 

D  Special 

$  87.50 

D  Student 

$  45.00 

TOTAL 

$ 

Specialty  Sections 

Established  to  recognize  the  specialty  areas  of  respiratory  care,  these  sections 
publish  a  bi-monthly  newsletter  that  focuses  on  issues  of  specific  concern  to  that 
specialty.  The  sections  also  design  the  specialty  programming  at  the  national 
AARC  meetings. 


n  Adult  Acute  Care  Section 

n  Education  Section 

n  Perinotal-Pediatric  Section 

□  Diagnostics  Section 

n  Continuing  Care- 
Rehabilitation  Section 

n  Management  Section 

D  Transport  Section 

n  Home  Care  Section 

n  Subacute  Care  Section 

TOTAL 

GKAND  TOTAL  =  Membership  Fee 
plus  optional  sections 


$15.00 
$20.00 
$15.00 
$15.00 

$15.00 
$20.00 
$15.00 
$15.00 
$15.00 


n  Total  Amount  Enclosed/Charged       $_ 
□  Please  charge  my  dues  (see  below) 


To  charge  your  dues,  complete  the  following: 
n  MasterCard 
D  Visa 

Card  Number 


J^ 


Card  Expires /_ 

Signature 
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1999  Respiratory  Care  Open  Forum 


The  American  Association  for  Respiratory  Care  and  its 
science  journal,  RESPIRATORY  Care,  invite  submission  of 
brief  abstracts  related  to  any  aspect  of  cardiorespiratory  care. 
The  abstracts  will  be  reviewed,  and  selected  authors  will  be 
invited  to  present  posters  at  the  OPEN  FORUM  during  the 
AARC  International  Respiratory  Congress  in  Las  Vegas, 
Nevada,  December  13-16,  1999.  Accepted  abstracts  will  be 
published  in  the  November  1999  issue  of  RESPIRATORY  Care. 
Membership  in  the  AARC  is  not  required  for  participation. 
All  accepted  abstracts  are  automatically  considered  for  ARCF 
research  grants. 

SPECIFICATIONS— READ  CAREFULLY! 

An  abstract  may  report  (1)  an  original  study,  (2)  the  eval- 
uation of  a  method,  device  or  protocol,  or  (3)  a  case  or 
case  series.  Topics  may  be  aspects  of  adult  acute  care,  con- 
tinuing care/rehabilitation,  perinatology/pediatrics,  cardio- 
pulmonary technology,  or  health  care  delivery.  The  abstract 
may  have  been  presented  previously  at  a  local  or  regional — 
but  not  national — meeting  and  should  not  have  been  published 
previously  in  a  national  journal.  The  abstract  is  the  only  evi- 
dence by  which  the  reviewers  can  decide  whether  the  author 
should  be  invited  to  present  a  poster  at  the  Open  FORUM. 
Therefore,  the  abstract  must  provide  all  important  data,  find- 
ings, and  conclusions.  Give  specific  information.  Do  not  write 
general  statements,  such  as  "Results  will  be  presented"  or 
"Significance  will  be  discussed." 

ESSENTL\L  CONTENT  ELEMENTS 

Original  study.  Abstract  must  include  (1)  Background: 
statement  of  research  problem,  question,  or  hypothesis;  (2) 
Method:  description  of  research  design  and  conduct  in  suf- 
ficient detail  to  permit  judgment  of  validity;  (3)  Results:  state- 
ment of  research  findings  with  quantitative  data  and  statis- 
tical analysis;  (4)  Conclusions:  interpretation  of  the  meaning 
of  the  results. 

Method,  device,  or  protocol  evaluation.  Abstract  must 
include  ( 1 )  Background:  identification  of  the  method,  device, 
or  protocol  and  its  intended  function;  (2)  Method:  descrip- 
tion of  the  evaluation  in  sufficient  detail  to  permit  judgment 
of  its  objectivity  and  validity;  (3)  Results:  findings  of  the  eval- 
uation; (4)  Experience:  summary  of  the  author's  practical  expe- 
rience or  a  lack  of  experience;  (5)  Conclusions:  interpreta- 
tion of  the  evaluation  and  experience.  Cost  comparisons  should 
be  included  where  possible  and  appropriate. 

Case  report.  Abstract  must  report  a  case  that  is  uncom- 
mon or  of  exceptional  educational  value  and  must  include  (1) 
Introduction:  relevant  basic  information  important  to  under- 
standing the  case.  (2)  Case  Summary:  patient  data  and  response, 
details  of  interventions.  (3)  Discussion:  content  should  reflect 
results  of  literature  review.  The  author(s)  should  have  been 
actively  involved  in  the  case  and  a  case-managing  physician 
must  be  a  co-author  or  must  approve  the  report. 


FORMAT  AND  TYPING  INSTRUCTIONS 

Accepted  abstracts  will  be  photographed  and  reduced  by 
40%;  therefore,  the  size  of  the  original  text  should  be  at  least 
10  points.  Abstracts  should  be  400  words  or  less  and  may 
have  I  clear,  concise  table  or  figure.  A  font  like  Helvetica 
or  Geneva  makes  the  clearest  reproduction.  The  first  line  of 
the  abstract  should  be  the  title  in  all  capital  letters.  Title  should 
explain  content.  Follow  title  with  names  of  all  authors  (includ- 
ing credentials),  institution(s),  and  location;  underline  pre- 
senter's name.  Type  or  electronically  print  the  abstract  sin- 
gle spaced  in  a  single  paragraph  in  the  space  provided  on 
the  abstract  blank.  Insert  only  one  letter  space  between  sen- 
tences. Text  submission  on  diskette  is  encouraged  but  must 
be  accompanied  by  a  hard  copy.  Data  may  be  submitted  in 
table  form,  or  a  simple  figure  may  be  included  provided  it 
fits  within  the  space  allotted.  No  figure,  illustration,  or  table 
is  to  be  attached  to  the  abstract  form.  Provide  all  author  infor- 
mation requested.  A  clear  photocopy  of  the  abstract  form  may 
be  used.  Standard  abbreviations  may  be  employed  without 
explanation;  new  or  infrequently  used  abbreviations  should 
be  spelled  out  on  first  use.  Any  recurring  phrase  or  expres- 
sion may  be  abbreviated,  if  it  is  first  explained.  Check  the 
abstract  for  (1)  errors  in  spelling,  grammar,  facts,  and  fig- 
ures; (2)  clarity  of  language;  and  (3)  conformance  to  these 
specifications.  An  abstract  not  prepared  as  requested  may 
not  be  reviewed.  Questions  about  abstract  preparation  may 
be  telephoned  to  the  editorial  staff  of  RESPIRATORY  CARE 
at  (972)  406-4667. 

Early  Deadline  Allowing  Revision.  Authors  may  choose 
to  submit  abstracts  early.  Abstracts  postmarked  by  April  2, 
1999  will  be  reviewed  and  the  authors  notified  by  letter  only 
to  be  mailed  by  May  7, 1999.  Rejected  abstracts  will  be  accom- 
panied by  a  written  critique  that  should,  in  many  cases,  enable 
authors  to  revise  their  abstracts  and  resubmit  them  by  the  Final 
Deadline  (June  11,  1999). 

Final  Deadline.  The  mandatory  Final  Deadline  is  June  11, 
1999  (postmark).  Authors  will  be  notified  of  acceptance  or  rejec- 
tion by  letter  only.  These  letters  will  be  mailed  by  August  25, 
1999. 

Mailing  Instructions.  Mail  (do  not  fax!)  2  clear  copies 

of  the  completed  abstract  form,  diskette  (if  possible),  and  a 

stamped,  self-addressed  postcard  (for  notice  of  receipt)  to: 

1999  RESPIRATORY  CARE  OPEN  FORUM 

11030  Abies  Lane 

Dallas  TX  75229-4593 


submit  your  Open  forum  abstract  electronically 


.com 


1999  Respiratory  Care  Open  Forum  Abstract  Form 


o 

E 
o 

CO 

od 


13.9  cm  or  5.5" 


1 .  Title  must  be  in  all 
upper  case  (capital) 
letters,  authors'  full 
names  and  text  in  upper 
and  lower  case. 

2.  Follow  title  with  all 
authors'  names,  includ- 
ing credentials  (under- 
line presenter's  name), 
institution,  and 
location. 

3.  Do  not  justify 

(ie,  leave  a  'ragged' 
right  margin). 

4.  Do  not  use  type  size 
less  than  10  points. 

(Do  not  exceed  400 
words.) 

5.  All  text  and  the  table, 
or  figure,  must  fit  into 
the  rectangle  shown. 
(Use  only  1  clear,  con- 
cise table  or  figure.) 

6.  Submit  2  clean  copies. 
This  form  may  be  pho- 
tocopied if  multiple 
abstracts  are  to  be 
submitted. 


Mail  original  &  1 
photocopy  (along  with 
postage-paid  postcard)  to 

1999  Respiratory 
Care  Open  Forum 
11030  Abies  Lane 
Dallas  TX  75229-4593 


Early  Deadline  is 
April  2,  1999 
(postmark) 

Final  Deadline  is 

June  II,  1999  (postmark) 


Electronic 

Submission  Is  Now 

Available.  Visit 

www.rcjournal.com 

to  find  out  more 


Name  &  Credentials 


Mailing  Address 


Voice  Phone  &  Fax 


S    Name  &  Credentials 


Mailing  Address 


Voice  Phone  &  Fax 
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General  Information 

RESPIRATORY  CARE  welcomes  original  manuscripts  related  to  the 
science  and  technology  of  respiratory  care  and  prepared  accord- 
ing to  these  Instructions  and  the  Uniform  Requirements  for 
Manuscripts  Submitted  to  Biomedical  Journals  [Respir  Care  1 997; 
42(6):623-634].  Manuscripts  are  blinded  and  reviewed  by  pro- 
fessionals who  are  experts  in  their  fields.  Authors  are  responsible 
for  all  aspects  of  the  manuscript  and  receive  galleys  to  proofread 
before  publication.  Each  accepted  manuscript  is  copyedited  so  that 
its  message  is  clear  and  it  conforms  to  the  Journal's  style.  Published 
papers  are  copyrighted  by  Daedalus  Inc  and  may  not  be  published 
elsewhere  without  permission. 

Editorial  consultation  is  available  at  any  stage  of  planning  or  writ- 
ing. On  request,  specific  guidance  is  provided  for  all  publication  cat- 
egories. To  receive  these  Instructions  and  related  materials,  write 
to  Respiratory  Care,  600  Ninth  Avenue,  Suite  702,  Seattle  WA 
98104,  call  (206)  223-0558,  or  fax  (206)  223-0563. 

Publication  Categories  &  Structure 

Researcii  Article:  A  report  of  an  original  investigation  (a  study). 
It  includes  a  Title  Page,  Abstract,  Introduction,  Methods,  Results, 
Discussion,  Conclusions,  Product  Sources,  Acknowledgments,  Ref- 
erences, Tables,  Appendices,  Figures,  and  Figure  Captions. 

Evaluation  of  Device/MethodyTechnique:  A  description  and  eval- 
uation of  an  old  or  new  device,  method,  technique,  or  modification. 
It  has  a  Title  Page,  Abstract,  Introduction,  Description  of  De- 
vice/Method/Technique,  Evaluation  Methods,  Evaluation  Results, 
Discussion,  Conclusions,  Product  Sources,  Acknowledgments,  Ref- 
erences, Tables,  Appendices,  Figures,  and  Figure  Captions.  Com- 
parative cost  data  should  be  included  wherever  possible. 

Case  Report:  A  report  of  a  clinical  case  that  is  uncommon,  or  was 
managed  in  a  new  way,  or  is  exceptionally  instructive.  All  authors 
must  be  associated  with  the  case.  A  case-managing  physician  must 
either  be  an  author  or  furnish  a  letter  approving  the  manuscript.  Its 
components  are  Title  Page,  Abstract,  Introduction,  Case  Summa- 
ry, Discussion,  References,  Tables,  Figures,  and  Figure  Captions. 

Review  Article:  A  comprehensive,  critical  review  of  the  literature 
and  state-of-the-art  summary  of  a  pertinent  topic  that  has  been  the 
subject  of  at  least  40  published  research  articles.  Title  Page,  Out- 
line, Introduction,  Review  of  the  Literature,  Summary,  Acknowl- 
edgments, References.  Tables,  Appendices,  and  Figures  and  Cap- 
tions may  be  included. 

Overview:  A  critical  review  of  a  pertinent  topic  that  has  fewer  than 
40  published  research  articles. 

Update:  A  report  of  subsequent  developments  in  a  topic  that  has 
been  critically  reviewed  in  this  Journal  or  elsewhere. 


Point-of-View  Paper:  A  paper  expressing  personal  but  substanti- 
ated opinions  on  a  pertinent  topic.  Title  Page,  Text,  References,  Tables, 
and  Illustrations  may  be  included. 

Special  Article:  A  pertinent  paper  not  fitting  one  of  the  foregoing 
categories  may  be  acceptable  as  a  Special  Article.  Consult  with  the 
Editor  before  writing  or  submitting  such  a  paper. 

Editorial:  A  paper  drawing  attention  to  a  pertinent  concern;  it  may 
present  an  opposing  opinion,  clarify  a  position,  or  bring  a  problem 
into  focus. 

Letter:  A  signed  communication,  marked  "For  publication," 
about  prior  publications  in  this  Journal  or  about  other  pertinent  top- 
ics. Tables  and  illustrations  may  be  included. 

Blood  Gas  Corner:  A  brief,  instructive  case  report  involving  blood 
gas  values — with  Questions,  Answers,  and  Discussion. 

Drug  Capsule:  A  mini-review  paper  about  a  drug  or  class  of  drugs 
that  includes  discussions  of  pharmacology,  pharmacokinetics, 
and  pharmacotherapy. 

Graphics  Comer:  A  briefcase  report  incorporating  waveforms  for 
monitoring  or  diagnosis — with  Questions,  Answers,  and  Discussion. 

Kittredge's  Comer:  A  brief  description  of  the  operation  of  respiratory 
care  equipment — with  information  from  manufacturers  and  edito- 
rial comments  and  suggestions. 

PFT  Corner:  Like  Blood  Gas  Comer,  but  involving  pulmonary 
function  tests. 

Cardiorespiratory  Interactions.  A  case  report  demonstrating  the 
interaction  between  the  cardiovascular  and  respiratory  systems.  It 
should  be  a  patient-care  scenario;  however,  the  case — the  central 
theme — is  the  systems  interaction.  CRI  is  characterized  by  figures, 
equations,  and  a  glossary.  See  the  March  1996  Issue  of  RESPIRA- 
TORY Care  for  more  detail. 

Test  Your  Radiologic  Skill:  Like  Blood  Gas  Comer,  but  involv- 
ing pulmonary  medicine  radiography  and  including  one  or  more  radio- 
graphs; may  involve  imaging  techniques  other  than  conventional 
chest  radiography. 

Review  of  Book,  Film,  Tape,  or  Software:  A  balanced,  critical 
review  of  a  recent  release. 

Preparing  the  Manuscript 

Print  on  one  side  of  white  bond  paper,  8.5  in.  x  1 1  in.  (216  x  279  mm) 
with  margins  of  at  least  1  in.  (25  mm)  on  all  sides  of  the  page.  Use 
double-spacing  throughout  the  entire  manuscript.  Use  a  standard 
font  (eg.  Times,  Helvetica,  or  Courier)  at  least  10  points  in  size,  and 
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Manuscript  Preparation  Guide 


do  not  use  italics  except  for  special  emphasis.  Number  all  pages  in 
upper-right  comers.  Indent  paragraphs  5  spaces.  Do  not  justify.  Do 
not  put  authors'  names,  institutional  affiliations  or  allusions  to 
institutional  affiliations  in  the  text,  or  other  identification  any- 
where except  on  the  title  page.  Repeat  title  only  (no  authors)  on 
the  abstract  page.  Begin  each  of  the  following  on  a  new  page:  Title 
Page,  Abstract,  Text,  Product  Sources  List,  Acknowledgments,  Ref- 
erences, each  Table,  and  each  Appendix.  Use  standard  English  in 
the  first  person  and  active  voice. 

Center  main  section  headings  on  the  page  and  type  them  in  cap- 
ital and  small  letters  (eg.  Introduction,  Methods,  Results,  Discus- 
sion). Begin  subheadings  at  the  left  margin  and  type  them  in  cap- 
ital and  small  letters  (eg.  Patients,  Equipment,  Statistical  Analysis). 

References.  Cite  only  published  works  as  references.  Manuscripts 
accepted  but  not  yet  published  may  be  cited  as  references:  desig- 
nate the  accepting  journal,  followed  by  (in  press),  and  provide  3  copies 
of  the  in-press  article  for  reviewer  inspection.  Cite  references  in  the 
text  with  superscript  numerals.  Assign  numbers  in  the  order  that  ref- 
erences are  first  cited.  On  the  reference  page,  list  the  cited  works 
in  numerical  order.  Follow  the  Journal's  style  for  references.  Abbre- 
viate journal  names  as  in  Index  Medicus.  List  all  authors. 

Article  in  a  journal  carrying  pagination  throughout  volume: 

Rau  JL,  Harwood  RJ.  Comparison  of  nebulizer  delivery  methods 
through  a  neonatal  endotracheal  tube:  a  bench  study.  Respir  Care 
1992;37(11):1233-1240. 

Article  in  a  publication  that  numbers  each  issue  beginning  with 
Page  1: 

Bunch  D.  Establishing  a  national  database  for  home  care.  AARC  Times 

1991;15(Mar):61,62,64. 

Corporate  author  journal  article: 

American  Association  for  Respiratory  Care.  Criteria  for  establish- 
ing units  for  chronic  ventilator-dependent  patients  in  hospitals.  Respir 
Care  1988;33(  11):  1044- 1046. 

Article  in  journal  supplement:  (Journals  differ  in  their  methods  of 
numbering  and  identifying  supplements.  Supply  sufficient  information 
to  promote  retrieval.) 

Reynolds  HY.  Idiopathic  interstitial  pulmonary  fibrosis.  Chest  1986; 
89(3Suppl):139S-l43S. 

Abstract  in  journal:  (Abstracts  citations  are  to  be  avoided.  Those  more 
than  3  years  old  should  not  be  cited.) 

Stevens  DP.  Scavenging  ribavirin  from  an  oxygen  hood  to  reduce  envi- 
ronmental exposure  (abstfact).  Respir  Care  1990;35(1 1):  1087-1088. 

Editorial  in  journal: 

Enright  P.  Can  we  relax  during  spirometry?  (editorial).  Am  Rev  Respir 
Dis  1993;148(2):274. 

Editorial  with  no  author  given: 

Negative-pressure  ventilation  for  chronic  obsUuctive  pulmonary  dis- 
ease (editorial).  Lancet  1992;340(8833):  1440- 1441. 

Letter  in  journal: 

Aelony  Y.  Ethnic  norms  for  pulmonary  function  tests  (letter).  Chest 
199 1;99(4):  1051. 


Paper  accepted  but  not  yet  published: 

Hess  D.  New  therapies  for  asthma.  Respir  Care  (year,  in  press). 

Personal  author  book:  (For  any  book,  specific  pages  should  be  cited 
whenever  possible.) 

DeRemee  RA.  Clinical  profiles  of  diffuse  interstitial  pulmonary  dis- 
ease. New  York:  Futura;  1990.  p.  76-85. 

Corporate  author  book: 

American  Medical  Association  Department  of  Drugs.  AMA  drug  eval- 
uations, 3rd  ed.  Littleton  CO:  Publishing  Sciences  Group;  1977. 

Chapter  in  book  with  editor(s): 

Pierce  AK.  Acute  respiratory  failure.  In:  Guenter  CA,  Welch  MH,  edi- 
tors. Mmonary  medicine.  Philadelphia:  JB  Lippincott;  1977:26-42. 

Tables.  Use  consecutively  numbered  tables  to  display  information. 
Start  each  table  on  a  separate  page.  Number  and  title  the  table  and 
give  each  column  a  brief  heading.  Place  explanations  in  footnotes, 
including  all  nonstandard  abbreviations  and  symbols.  Key  the  foot- 
notes with  conventional  designations  (*,  t,  %,  §.  II,  1.  **.  tt)  in  con- 
sistent order,  placing  them  superscript  in  the  table  body.  Do  not  use 
horizontal  or  vertical  rules  or  borders.  Do  not  submit  tables  as  pho- 
tographs, reduced  in  size,  or  on  oversize  paper.  Use  the  same  type- 
face as  in  the  text. 

Illustrations.  Graphs,  line  drawings,  photographs,  and  radiographs 
are  figures.  Use  only  illustrations  that  clarify  and  augment  the  text. 
Number  them  consecutively  as  Fig.  1 ,  Fig.  2,  and  so  forth  accord- 
ing to  the  order  by  which  they  are  mentioned  in  the  text.  Be  sure 
all  figures  are  cited.  If  any  figure  was  previously  published,  include 
copyright  holder's  written  permission  to  reproduce.  Figures  for 
publication  must  be  of  professional  quality.  Data  for  the  original 
graphs  should  be  available  to  the  Editor  upon  request.  If  color  is  essen- 
tial, consult  the  Editor  for  more  information.  In  reports  of  animal 
experiments,  use  schematic  drawings,  not  photographs.  A  letter  of 
consent  must  accompany  any  photograph  of  a  person.  Do  not  place 
titles  and  detailed  explanations  on  figures;  put  this  information  in 
figure  captions.  If  possible,  submit  radiographs  as  prints  and  full- 
size  copies  of  film. 

Drugs.  Identify  precisely  all  drugs  and  chemicals  used,  giving  gener- 
ic names,  doses,  and  routes  of  administration.  If  desired,  brand  names 
may  be  given  in  parentheses  after  generic  names.  Drugs  should  be 
listed  on  the  product-sources  page. 

Commercial  Products.  In  parentheses  in  the  text,  identify  any  com- 
mercial product  (including  model  number  if  applicable)  the  first  time 
it  is  mentioned,  giving  the  manufacturer's  name,  city,  and  state  or 
country.  If  four  or  more  products  are  mentioned,  do  not  list  any  man- 
ufacturers in  the  text;  instead,  list  them  on  a  Product  Sources  page 
at  the  end  of  the  text,  before  the  References.  Provide  model  num- 
bers when  available  and  manufacUirer's  suggested  price,  if  the  study 
has  cost  implications. 

Ethics.  When  reporting  experiments  on  human  subjects,  indicate 
that  procedures  were  conducted  in  accordance  with  the  ethical  stan- 
dards of  the  World  Medical  Association  Declaration  of  Helsinki 
[Respir  Care  1997;42(6):635-636]  or  of  the  institution's  committee 
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on  human  experimentation.  State  that  informed  consent  was 
obtained.  Do  not  use  patient's  names,  initials,  or  hospital  numbers 
in  text  or  illustrations.  When  reporting  experiments  on  animals,  indi- 
cate that  the  institution's  policy,  a  national  guideline,  or  a  law  on 
the  care  and  use  of  laboratory  animals  was  followed. 

Statistics.  Identify  the  statistical  tests  used  in  analyzing  the  data, 
and  give  the  prospectively  determined  level  of  significance  in  the 
Methods  section.  Report  actual  p  values  in  Results.  Cite  only  text- 
book and  published  article  references  to  support  choices  of  tests.  Iden- 
tify any  general-use  or  commercial  computer  programs  used,  nam- 
ing manufacturers  and  their  locations.  These  should  be  listed  on  the 
product-sources  page. 

Units  of  Measurement.  Express  measurements  of  length,  height, 
weight,  and  volume  in  metric  units  appropriately  abbreviated;  tem- 
peratures in  degrees  Celsius;  and  blood  pressures  in  millimeters  of 
mercury  (mm  Hg).  Report  hematologic  and  clinical-chemistry  mea- 
surements in  conventional  metric  and  in  SI  {Systeme  Internationale) 
units.  Show  gas  pressures  (including  blood  gas  tensions)  in  torr. 
List  SI  equivalent  values,  when  possible,  in  brackets  following  non- 
SI  values— for  example,  "PEEP,  10cm  H2O  [0.981  kPa]."  For  con- 
version to  SI,  see  RESPIRATORY  CARE  1988;33(10):861-873  (Oct 
1988),  1989;34(2):145  (Feb  1989),  and  1997;42(6):639-640(June 
1997). 

Conflict  of  Interest  Authors  are  asked  to  disclose  any  liaison  or  finan- 
cial arrangement  they  have  with  a  manufacturer  or  disttibutor  whose 
product  is  part  of  the  submitted  manuscript  or  with  the  manufacturer 
or  distributor  of  a  competing  product.  (Such  arrangements  do  not 
disqualify  a  paper  from  consideration  and  are  not  disclosed  to  review- 
ers.) A  statement  to  this  effect  is  included  on  the  cover-letter  page. 
(Reviewers  are  screened  for  possible  conflict  of  interest.) 

Abbreviations  and  Symbols.  Use  standard  abbreviations  and  sym- 
bols. Avoid  creating  new  abbreviations.  Avoid  all  abbreviations 
in  the  title  and  unusual  abbreviations  in  the  abstract.  Use  an  abbre- 
viation only  if  the  term  occurs  several  times  in  the  paper.  Write  out 
the  full  term  the  first  time  it  appears,  followed  by  the  abbreviation 
in  parentheses.  Thereafter,  employ  the  abbreviation  alone.  Never 
use  an  abbreviation  without  defining  it.  Standard  units  of  mea- 
surement can  be  abbreviated  without  explanation  (eg,  10  L/min, 
15  torr,  2.3  kPa). 

Please  use  the  following  forms:  cm  H2O  (not  cmH20),  f  (not  bpm), 
L  (not  1),  IVmin  (not  LPM,  l/min,  or  1pm),  mL  (not  ml),  mm  Hg  (not 
mmHg),  pH  (not  Ph  or  PH),  p  >  0.001  (not  p>0.001),  s  (not  sec), 
SpO:  (pulse-oximetry  saturation).  See  RESPIRATORY  CARE: 
Standard  Abbreviations  and  Symbols  [RespirCare  1997;42(6):637- 
642]. 
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Mail  three  copies  [  1  copy  with  author(s)  name(s),  affiliation(s),  2 
copies  without  name(s)  and  affiliation(s)  for  reviewers]  of  the  manu- 
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RESPIRATORY  CARE,  600  Ninth  Avenue,  Suite  702,  Seattle  WA 
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will  be  acknowledged. 

Computer  Diskettes.  Authors  are  encouraged  to  submit  electron- 
ic versions  of  manuscripts  as  well  as  printed  copies  (3.5  in.  diskettes 
in  Macintosh  or  IBM-DOS  format).  Label  each  diskette  with  date; 
author's  name;  name  and  version  of  word-processing  program  used; 
and  filename(s).  Software  used  to  produce  graphics  and  tables  should 
be  similarly  identified.  Do  not  write  on  diskette  labels  except  with 
felt-tipped  pen.  If  revision  of  a  manuscript  is  required  as  a  condi- 
tion of  acceptance  for  publication,  we  ask  that  an  electronic  version 
of  revision  be  supplied  to  facilitate  copyediting  and  production. 

Prior  and  Duplicate  Publication.  Work  that  has  been  published 
or  accepted  elsewhere  should  not  be  submitted.  In  special  instances, 
the  Editor  may  consider  such  material,  provided  that  permission  to 
publish  is  given  by  the  author  and  original  publisher.  Please  con- 
sult the  Editor  before  submitting  such  work. 

Authorship.  All  persons  listed  as  authors  should  have  participat- 
ed in  the  reported  work  and  in  the  shaping  of  the  manuscript;  all  must 
have  proofread  the  submitted  manuscript;  and  all  should  be  able  to 
publicly  discuss  and  defend  the  paper's  content.  A  paper  with  cor- 
porate authorship  must  specify  the  key  persons  responsible  for  the 
article.  Authorship  is  not  justified  solely  on  the  basis  of  solicitation 
of  funding,  collection  or  analysis  of  data,  provision  of  advice,  or  sim- 
ilar services.  Persons  who  provide  such  ancillary  services  exclusively 
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permissions  to  reproduce  previously  published  material  (figures  or 
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about,  identifiable  persons;  and  to  name  persons  in  the  Acknowl- 
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Calendar 
of  Events 


AARC  &  AFFILIATES 

March    31-April    1,    1999 — Newport. 

Rhode  Island 
The  RISRC  presents  its  annual 
convention  and  exhibition  at  the 
DoubleTree  Islander  Hotel  at  Goat 
Island.  Program  topics  include  critical 
care,  neonatal/pediatric,  and  ethical 
issues.  The  annual  Respiratory 
Challenge  competition  will  be  held  also. 
Contact:  Len  Duffy  at 
(401)  737-7010,  or  Wayne  Foresti  at 
(401)769-8758. 

March   31-ApriI    1,    1999— 5a//   Lake 

City,  Utah 
The  USRC  is  hosting  its  annual 
convention  at  the  Salt  Palace — 
Forecast  for  a  New  Millennium: 
Respiratory  Therapists  Shine 
Through.  Topics  will  include  patient 
assessment,  protocols,  ventilator 
waveform  management,  and 
alternative  therapies. 
Contact:  Jim  Keenan  at 
(801)588-3077,  e-mail 
pcjkeena@ihc.com. 

April  7-9, 1999— Gulf  Shores,  Alabama 
The  Alabama  Society  for  Respiratory 
Care  will  be  hosting  their  state  educational 
meeting  at  the  Gulf  State  Park  Resort 
Hotel  and  Convention  Center. 
Contact:  David  Howard 
(205)  761-4573  ore-mail 
William.Howard@bhsala.com. 

April   13-14,   1999— King  of  Prussia, 

Pennsylvania 
The  PSRC  will  host  their  2nd  Annual 
Eastern  Regional  Conference  & 
Exhibition  at  the  Holiday  Inn.  Guest 
speakers  include  Sam  Giordano,  MBA, 
RRT.  and  Richard  Branson,  BA,  RRT. 
Contact:  Angle  Herstine  (609)  784-0340 

April  21-23, 1999— Cincinnati.  Ohio 
The  26th  Annual  Region  II 
Conference  will  be  presented  by  the 
Indiana,  Kentucky,  and  Ohio 
affiliates  with  an  excellent  mix  of 
current  topics  and  dynamic  speakers. 
Contact:  Call  (800)  691-3046,  Mail 
Box  I.or  visit  their  web  site  at 
http://www.bright,net/~dsibb/ 
reg2rc.htm. 


April  23-25, 1999 — Kingsport.  Tennessee 
The  TSRC  presents  its  annual 
convention  and  exhibition.  The  New 
Millennium:  Somewhere  Over  the 
Rainbow,  at  the  Meadowview  Resort 
and  Convention  Center.  Topics  will 
include  clinical,  management, 
patient  assessment,  and  student 
issues.  13  contact  hours  are  available. 
Contact:  Colleen  Schabacker 
(615)384-1731 

Other  Meetings 

March  14-17 — Orlando.  Florida 
Noninvasive  Ventilation,  the  seventh 
international  conference  of  the 
American  College  of  Chest 
Physicians,  Independent  Ventilator 
Users  Network,  and  the  AARC,  is 
scheduled  for  the  Caribe  Royale 
Resort  Suites.  Topics  include 
noninvasive  ventilatory  assistance  in 
the  home,  ICU,  ER.  and  long-term 
care  sites:  nutritional  issues  for 
ventilated  patients;  diagnosis  and 
diagnostic  methods;  ethical  issues; 
and  telemonitoring  in  the  home. 
Continuing  education  credits 
available. 
Contact:  (800)  343-2227 

March  16-19, 1999— Brussels.  Belgium 
The  19th  International  Symposium 
on  Intensive  Care  and  Emergency 
Medicine  will  be  head  at  the 
Congress  Center  in  Brussels. 
Contact:  Ana  Maria  de  Campos  at 
32.2  555  3215  ore-mail 
sympicu@resulb.ulb.ac.be. 

March  24-27, 1999— Big  Sky.  Montana 
The  American  Lung  Association® 
of  the  Northern  Rockies  is  hosting 
their  18th  Annual  Big  Sky 
Pulmonary  &  Critical  Care  Medicine 
Conference  at  the  Big  Sky  Ski 
Resort.  The  conference  is  a  multi- 
disciplinary  review  and  update  for 
all  health  professionals,  and  15 
hours  of  CME  are  available 
Contact:  ALA  at  (406)  442-6556  or 
e-mail  alanitwy@aol.coni. 

March  24-27,  1999— Denver.  Colorado 
The  Journal  of  Emergency  Medical 
Services  will  host  the  17th  Annual 


EMS  Today  Conference  and 
Exposition.  Two  clinical  tracks  will 
be  offered  for  new  and  experienced 
providers,  and  special  educational 
programs  featuring  the  latest  in  EMS 
research  will  be  featured.  A 
rescue/special  operations  track  will 
cover  fire  and  rescue  issues  and 
important  interface  and  safety 
aspects  that  exist  between  all 
emergency  service  agencies. 
Contact:  Call  (800)  266-5367  or  see 
the  entire  brochure  online  at 
www.jems.com. 

March  25-28 — New  Orleans, 
Louisiana 

The  Southern  Sleep  Society  will 

host  its  21st  annual  meeting  at  the 

Hotel  Monteleone. 

Contact:  Marietta  Bellamy  at 

(713)781-0581  ore-mail 

bellamy  @  bcm.tmc.edu. 

April  IQ-li— Clearwater  Beach, 

Florida 
All  Children's  Hospital  of  St. 
Petersburg,  FL,  will  host  their  1999 
Neonatal/Pediatric  Transport 
Conference  at  the  Hilton  Clearwater 
Beach  Resort.  The  conference,  titled 
Redefining  State  of  the  Art, 
includes  a  pre-conference  lab  and 
offers  23  CEUs. 
Contact:  Connie  Spadaccino  at 
(727)  892-4240  or  (800)  456-4543, 
ext.  4240. 

June  12-16, 1999 — International 
Society  for  Aerosols  in  Medicine 
12th  International  Congress  at  the 
Austria  Center  in  Vienna,  Austria. 
Topics  include  aerosol  drug 
delivery,  aerosol  deposition  and 
clearance,  cellular  and  molecular 
interactions,  environmental 
aerosols,  standardization,  aerosol 
diagnostics,  and  aerosol  therapy. 
Contact:  Vienna  Academy  of 
Postgraduate  Medical  Education 
and  Research.  Alser  Strasse  4, 
A- 1090  Vienna,  Austria.  Phone 
(-1-43/1)405  13  83-22, 
fax  (-1-43/ 1)405  13  83-23, 
e-mail  medacad@via.at. 
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Notices  of  competitions,  scholarships,  fellowships,  examination  dates,  new  educational  programs, 

and  the  like  will  be  listed  here  free  of  charge.  Items  for  the  Notices  section  must  reach  the  Journal  60  days 

before  the  desired  month  of  publication  (January  1  for  the  March  issue,  February  1  for  the  April  issue,  etc).  Include  all 

pertinent  information  and  mail  notices  to  RESPIRATORY  CARE  Notices  Dept,  1 1030  Abies  Lane,  Dallas  TX  75229-4593. 
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IST  Helpful  LUeb.Sites 

American  Association  for  Respiratory  Care 

http://www.aarc.org 

—  Current  job  listings 

—  American  Respiratory  Care  Foundation 
feilowsiiips,  grants,  &  awards 

—  Clinical  Practice  Guidelines  ■ 

Nationai  Board  for  Respiratory  Care 

http://www.nbrc.org 

Respiratory  Care  online 

http://www.rcjournal.conn 

—  1 997  Subject  and  Author  Indexes 

—  Contact  the  editorial  staff 

Astiima  Management 
IViodei  System 

http://www.nhlbi.nih.gov 


The  National  Board  for  Respiratory  Care — 1999  Examination  Dates  and  Fees 


Examination 
CRT  Examination 

RRT  Examination 

CPFT  Examination 


Examination  Date 

July  10, 1999 

Application  Deadline:  May  1,  1999 

December  4,  1999 

Application  Deadline:  August  1,  1999 

Junes,  1999 

Application  Deadline.  April  1,  1999 


Examination  Fee 

$120  (new  applicant) 

80  (reapplicant) 

120  written  only  (new  applicant) 

80  written  only  (reapplicant) 

130  (new  applicant) 

100  (reapplicant) 


For  information  about  other  services  or  fees,  write  to  the  National  Board  for  Respiratory  Care, 
8310  Nieman  Road,  Lenexa  KS  66214,  or  call  (913)  599-4200,  FAX  (913)  541-0156,or  e-mail:  nbrc-info@nbrc.org 
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Notices 


WATCH     FOR 

SPECIAL    ISSUES    OF 

R  E  S  P  1   R  ATO  R Y 

CARE 

ARTIFICIAL 
AIRWAYS 

JUNE    1999 
JULY    19  9  9 

Successful     CPT 
April  13,  1999 


Coding     Teleconference 


A  90-minute  audio  teleconference  will  give  you  the  chance  to 
speak  directly  with  a  CPT  coding  expert  to  learn  new  coding 
strategies  and  how  to  minimize  costly  mistakes.  The  program 
has  been  approved  for  one  hour  of  continuing  education  credit 
by  the  AARC  and  by  the  Texas  Nursing  Association.  The 
speaker  will  be  Kevin  Shrake,  MA,  FACHE,  Administrator  of 
Cardiovascular  and  Critical  Care  Services  at  St  John's  Mercy 
Medical  Center  in  St  Louis  MO.  The  subjects  covered  are: 
Background  of  CPT  Coding;  Resources  Needed  to  Evaluate 
Coding  Systems;  Tips  on  Interpreting  the  CPT  Code  Manual; 
Selecting  the  Right  CPT  Code;  Matching  Revenue  Codes;  Split 
Billing;  Strategies  for  Successful  Coding;  Common  Sources  of 
Billing/Coding  Errors.  Call  the  AARC  at  (972)  243-2272  for 
more  informaton;  call  KRM  Information  Services  at  (800)  775- 
7654  to  register. 

Patient  Assessment  Course  for  Respiratoiy 
Therapists 

Due  to  overwhelming  demand,  the  patient  assessment  course 
for  respiratory  therapists  will  be  offered  twice  this  year.  Space 
is  at  a  premium  and  preregistration  is  required.  Successful 
completion  of  the  course  will  earn  participants  16  hours  of 
CRCE  credit  and  a  certificate  of  course  completion.  Each 
attendee  will  be  given  a  pocket  guide  to  physical  assessment,  to 
help  them  on  the  job.  Following  the  last  class,  participants  will 
take  a  100-item  test  developed  by  the  NBRC.  Tests  will  be 
graded  on-site  for  those  wishing  to  obtain  their  scores  imme- 
diately. Locations  and  Dates:  Philadelphia:  April  30-May  2; 
Phoenix:  July  18-20  (immediately  following  Summer  Forum). 
For  more  information  and  to  register,  visit  the  AARC  web  site 
at  www.aarc.org. 


Q/n  this  issue 

1999  %dl 


(^ee  ^a(^e  23 1 


AARC,  Affiliates  Set  Conference  Schedules 

The  AARC  and  many  of  the  affiliates  have  set  their  schedules 
for  1999  conferences  and  seminars.  Foremost  among  AARC's 
offerings  are  its  Summer  Forum  (July  16-18)  and  Annual 
International  Respiratory  Congress  (Dec.  13-16).  Check  out 
the  AARC's  website  at  www.aarc.org  for  all  meeting 
registration  materials  and  a  list  of  affiliate  conferences. 


Videoconference  Program  Set;  Nursing  CEUs 
Offered 

A  series  of  eight  videoconferences  are  scheduled  for  1999 
through  the  AARC  Professor's  Rounds  series,  which  are  now 
approved  for  nursing  CEUs  as  well  as  CRCE  credit.  Topics  are: 
respiratory  assessment,  asthma  management,  ventilator  man- 
agement, disease  management,  pediatric  emergencies,  COPD, 
PEEP,  and  respiratory  pharmacology. 


CRCE  Online  Debuts 

Now  you  can  earn  continuing  education  on  the  Internet  from 
the  AARC  through  its  new  CRCE  Online  website.  After  you  pay 
for  the  number  of  continuing  education  units  you  wish  to 
attempt  (by  submitting  your  credit  card  number  on  a  secure 
server  site),  you  are  given  access  to  the  list  of  courses.  Read 
the  material,  take  the  test,  and  then  print  out  a  certificate 
showing  you  passed.  Your  participation  will  also  be  noted  on 
your  CRCE  record  with  the  AARC.  Log  on  to  the  AARC's  web- 
site at  www.aarc.org  and  look  for  CRCE  Online. 
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GALICfO 


The  new  view  of  Ventilation 

Derived  from  years  of  advanced  research  and  practical  clinical  experience,  HAMILTON  MEDICAL  introduces  GALILEO,  the  most 
advanced  ventilator  in  the  world,  GALILEO  combines  the  newest  innovative  technology  in  an  easy  to  operate  system.  Advanced 
Rules  Based  Strategic  Modes  combined  (Adaptive  Support  Ventilation  ASV)  with  Virtual  Controls  provides  the  maximum  in  patient 
care  flexibility  GALILEO  defines  a  new  dimension  in  the  ventilator  management  of  critically  ill  patients  today  and  into  the  future. 

GALILEO  is  the  ventilator  of  choice  to  implement  comprehensive  clinical  pathways  for  all  ventilator  patients.  Offering  the  clinician  a 
new  dimension  in  respiratory  care,  Ventilation  without  Limitations. 

GALILEO  is  available  from  your  local  HAMILTON  MEDICAL  partner.  For  further  information,  contact  HAMILTON  MEDICAL  at 
www.hamilton-medical.ch,  phone  +41-81-641-2627,  fax  -1-41-81-641-2689  or  call  our  local  representative. 

Circle  11 6  on  reader  service  card  HXVIVimrvlNI 

MEDICAL 

MAKING  TECHNOLOGY  SERVE  MANKIND 

International:  HAMILTON  MEDICAL  AG,  Via  Nova,  CH-7403  Rhazuns/Switzerland,  Telephone  (+41)81-641  26  27,  Fax  (+41)  81- 641  26  89 

USA:  HAMILTON  MEDICAL  Inc.,  P.O.Box  30008,  Reno,  NV  89520,  Telephone  (702)  858-3201,  (800)  HAM-MED-1,  Fax  (702)  856-5621 

Great  Britain:  HAMILTON  MEDICAL  (G.B.)  Limited,  Kimpton  Business  Centre,  Kimpton  Road,  Sutton,  Surrey  SM3  9QR,  Telephone  0181-641  9008,  Fax  0181-641  9054 

Germany:  HAMILTON  Deutschland  GmbH,  Abt.  MEDICAL  Daimlerweg  5a,  D-64293  Darmstadt,  Tel.  (06151)  98020,  Fax  (06151)  89  17  33 


CFTorPEP? 

Which  secretion  clearance  therapy  is  best  for  your  patients? 


CPT: 

•  Effective  therapy.  Promotes  secretion  mobilization 
through  postural  drainage,  percussion  or  vibration. 

•  Can  be  difficult  to  tolerate.  May  exacerbate  dyspnea  in 
end-stage  CF  patients',  cause  pain  or  bruising  in  frail  COPD 
or  post-op  patients. 

•  Labor/time  intensive.  Single  CPT  session  can  last  up  to 
one  hour;  COPD  patients  may  require  as  many  as  four 

sessions  daily 

•  Restrictive.  Requires  a  private  environment,  assistance  of 
second  person,  and  scheduling  around  daily  activities. 

While  CPT  is  an  effective  technique  for 
mobilizing  secretions,  it  can  he  difficult  to 
tolerate  for  some  patients.  That's  why 
DHD  Healthcare  developed  TheraPEP'— 
the  first  system  designed  specifically  for 
Positive  Expiratory  Pressure  (PEP)  therapy. 

'  Mahlmeister  MJ,  Fink  IB,  Hoffman  GL,  Fifer  LF,  'Tositive-expiratory- 

pressure  mask  therapy:  Tlieoretical  and  Practica!  Considerations  and  a 

Review  of  the  Literature",  Respiratory  Cm,  Wl,    36:1218-1230. 
'Ibid. 

TheraPEP  is  a  registen?d  trademark  of  DHD  Healtlicare  Corporation. 


PEP: 

•  Effective,  easy-to-use  therapy  COPD  patients  can  master 
Positive  Expiratory  Pressure  therapy  quickly  TheraPEP  improves 
secretion  clearance,  facilitates  opening  of  airways  and  may  be  used 
for  the  treatment  of  atelectasis. 

•  Easy  to  tolerate.  May  reduce  need  for  postural  drainage. 
Commonly  prescribed  for  post-op  patients. 

•  Cost  efficient.  Can  be  performed  in  less  than  half  the  time 
required  for  conventional  CPT  session,  with  no  decrease  in 
quantity  of  sputum  raised."  Allows  therapist  to 
devote  more  time  to  other  important  tasks. 
Requires  only  one  or  two  initial  patient 
training  sessions. 

•  Helps  patient  maintain  effective 
continuum  of  care  away  from  hospital. 

Convenient,  easy-to-use  TheraPEP  System 
ensures  patients  can  continue  their  therapy    ^ 
after  they  depart  for  home. 


*->« 
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F^sih've  Expiratory  Pressure  Jiterapy  System 
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DHD  Heailficare  Corporation 

125  Rasbacli  Street 

Canastou,  NY  13032  USA  (3151 697-2221 

Customer  Service  FAX:  (315)  697-5191 

www.dhd.com 


Circle  114  on  reader  service  card 


TheraPEP  features  an  integral  Pressure  Indicator 
for  immediate,  visual  feedback;  six  orifice  options  for 
prescribing  the  appropriate  resistance  level;  and  a 
versatOe  design  which  pemuts  use  with  a  mask  or 
mouthpiece.  For  more  information,  call  DHD 
Healthcare  toll-free  today 

1-800-847-8000 


